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ABSTRACT
In v e s t ig a t io n  o f p a t ie n t s  w ith  c e re b ra l le s io n s  and ta c h is to s c c p ic  
s tu d ie s  in  bo th  normal s u b je c ts  and conmissurectcwiised p a t ie n ts  has 
shown th a t  th e  r ig h t  hem isphere has a  d i s t in c t iv e  ro le  in  th e  p rocessing  
o f f a c e s . The i n i t i a l  aim o f t h i s  s tu d y  was to  a s s e s s  w hether these  
in d ic a t io n s  o f c e rd ^ ra l asymmetry, found w ith  t r a d i t io n a l  methods, could  
be m irro red  by e le c tro p h y s io  lo g ic a l  te ch n iq u es . Such an approach would 
h e lp  to  d e f in e  not on ly  l a t é r a l i s a t i o n  o f non-verbal p rocessing  bu t a lso  
lo c a l i s a t io n  o f fu n c tio n  w ith in  a  hem isphere.
Normal, r ig h t  handed su b je c ts  (assumed to  be l e f t  hem isphere 
dominant fo r  language) were p re sen ted  w ith  fo u r v isu a l co n d itio iB  : s l id e s  
o f known and unknown fa c es  in  o rd e r to  observe any e f f e c t  o f re c o g n itio n  
and two non -verbal c o n tro l s e r ie s  which provided ( i )  a  complex s tim u lu s  
o th e r  than  a  face  and ( i i )  a  p h y s ica l s tim u lu s  w ithout c o g n itiv e  c o n te n t. 
Both PlOO and P300 o f  th e  v is u a l evoked response were recorded  during  a l l  
c o n d itio n s . The s im ila r  mean am plitude and la te n cy  v a lues ob ta ined  a c ro ss  
s u b je c ts  proved th e  techn ique  to  be capab le  o f producing re p l ic a b le  and 
c o n s is te n t  r e s u l t s  a lthough  m inor changes were apparen t in  r e la t io n  to  
th e  s u b je c ts ' sex  and age. The d is s im ila r  topograph ies o f PlOO and P300 
im plied  d i f f e r e n t  o r ig in s  fo r  th e se  two components, w ith in  th e  o c c ip i ta l  
c o rte x  and a s s o c ia t io n  a re a s  re s p e c tiv e ly .
The am plitude o f P300 was la rg e r  over th e  r ig h t  than  th e  l e f t  
hem isphere in  response to  a l l  typ>es o f s t im u l i . However, t h i s  em jhasis 
was s ig n i f ic a n t ly  g re a te r  over th e  r ig h t  s id e  (p< 0 . 001 ) w ith  fa c e  s l id e s  
than  during  the c o n tro l c o n d i t io n s , in fe r r in g  th a t  th e  asymmetry m s  
a s so c ia te d  w ith  f a c ia l  f a c to r s  r a th e r  than  s tim u lu s  com plexity . Absence 
o f th i s  r ig h t  s id ed  s u p e r io r i ty  from th e  same group of s u b je c ts  in
response to  in v e rte d  fe,ce s l id e s  s tro n g ly  suggested  th a t  the asymmetry 
was s p e c if ic  to  v e r t i c a l  o r ie n ta t io n ,  i . e .  u p rig h t fa c e s . The fa c t  th a t  
th e re  was no d if fe re n c e  between th e  response  to  known and unknown feces 
showed th a t  the  r ig h t  s id ed  P300 s u p e r io r i ty  occurred w ithout r e la t io n  to  
a sp e c ts  o f  f a c ia l  memory; i t  was p ré sen t regard  le s s  o f w hether o r  not a 
face  had been veiwed b e fo re .
With l e f t  handed normal s u b je c ts ,  assumed to  be le s s  la te r a l i s e d  
fo r  non v erb a l p ro cess in g , th e  r ig h t  hem isphere P300 am plitude emphasis 
was not apparen t su g g estin g  th a t  th e  asymmetry p rev io u s ly  recoided  in  
d e x tr a ls  rep re sen ted  o rg a n is a tio n  o f c e re b ra l  fu n c tio n .
In v e s tig a t io n  o f language l a t é r a l i s a t i o n ,  u sing  th i s  evoked 
p o te n t ia l  tech n iq u e , was a ls o  c a r r ie d  out in  r ig h t  handed s u b je c ts .  In 
response  to  s l id e s  o f words th e re  was no converse ( l e f t  g r e a te r  than 
r ig h t )  P300 am plitude asymmetry excep t fo r  an in c re a se  over the  l e f t  
tem poral reg ion  in  fem ales. Word s t im u l i ,  u n lik e  non-verbal m a te r ia l , 
showed P300 to  be o f equal am plitude a t  a l l  e le c tro d e  s i t e s  %hich, 
to g e th e r  w ith  the  absence o f an asymmetry, im plied th a t  e i th e r  verba l 
p ro cess in g  tak es  p lace  in  s t r u c tu r e s  in a c c e s s ib le  to  su rface  reco rd in g  o r  
th a t  such fu n c tio n  i s  not so c le a r ly  lo c a l is e d .
The o p p o rtu n ity  was a ls o  taken  to  in v e s t ig a te  p a t ie n ts  w ith  
c e re b ra l  dy sfu n c tio n  in  o rd e r  to  observe any a sso c ia te d  a l t e r a t io n  in  
waveform. They were p re sen ted  w ith  th e  same types o f s t im u li  d escribed  
above. The f in d in g s  in  a  p a t ie n t  w ith  prosopagnosia suggested the 
p resence  o f b i l a t e r a l  c o r t i c a l  damage a t  an e a r ly  s tag e  in  v isu a l pro­
c ess in g  and h is  d is s o c ia t io n  o f PlOO la te n c y  a c ro ss  co n d itio n s  a lso  
im plied th a t  s tim u lu s  s p e c i f i c i ty  may occur in  man a t  an e a r ly  p e rcep tu a l 
le v e l .  The r e s u l t s  from th e  f in a l  ex p erim en t, %hich involved p a t ie n ts
w ith  m is s i le  in ju r ie s  to  th e  b ra in , s im i la r ly  provided evidence o f 
s tim u lu s  s p e c i f i c i t y . F urtherm ore, men from t h i s  group w ith  r ig h t  sided  
wounds showed v a r ia t io n s  in  PlOO la te n c y  depending on the  type of 
s tim u lu s , p ro v id in g  evidence o f fu n c tio n a l d i f f e r e n t ia t io n  w ith in  the 
r ig h t  hem isphere a t  an e a r ly  s ta g e  in  v is u a l p ro c e ss in g .
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G eneral in tro d u c tio n : Evidence o f a  r ig h t  hem isphere s u p e r io r i ty  in
f a c ia l  p ro ce ss in g .
D e ta iled  evidence from:
1. Lesion s tu d ie s
2 . Commissurectomies
3 . P rosopagnosia: N ature o f d e fe c t
C lin ic a l  re p o r ts  
Postmortems
4 . F unctiona l asymmetry in  normal su b je c ts
5 . Summary
I t  has been re a l is e d  fo r  many y ears  th a t  th e  l e f t  and r ig h t  
c e re b ra l  hem ispheres o f man a re  not fu n c tio n a lly  eq u iv a len t a lthough  they  
sh a re  a c lo se  id e n t i ty  in  s t r u c tu r e .  During th e  e a r ly  1860’s  th e  observa­
t io n s  o f Dax and Broca on r ig h t  handed p a t ie n ts  w ith  u n i la te r a l  b ra in  
d is e a se  f i r s t  po in ted  to  a  m ajor ro le  of th e  l e f t  hem isphere in  th e  
p ro cess in g  o f speech and evidence o f c e re b ra l  l a t é r a l i s a t i o n  of language 
i s  now firm ly  accep ted . D esp ite  t h i s ,  th e re  has been an u n w illin g n ess  to  
adm it th a t  th e  o th e r  h em isjhere , o f te n  termed the  "minor" o r  non­
dom inant, m ight a lso  have a re as  o f s p e c ia l iz a t io n  in  which i t  ex ce lle d  
and i t  was no t u n t i l  the  tim e o f World War 11 th a t  a  s e r ie s  of c a re fu l 
s tu d ie s  on p a t ie n ts  w ith  w e l l - l a te r a l i s e d  b ra in  le s io n s  began to  rev ea l 
th e  f u l l  im portance o f th e  r ig h t  hem isphere. Since th en , th e  p o s s ib i l i ty  
o f complementary s p e c ia l is a t io n  has been explored more fu l ly  and sev e ra l 
converging l in e s  o f enquiry  have shown th a t  th e  r ig h t  hem isphere does 
indeed have a d i s t in c t iv e  fu n c tio n  in  non v e rb a l , v i s io - s p a t ia l  ta sk s  
in c lu d in g  th e  re c c ^ n itio n  o f fa c e s .
Among th e  ways o f in v e s t ig a t in g  hem ispheric s p e c ia l i s a t io n ,  the  
most e s ta b lis h e d  i s  th a t  o f an a ly s in g  th e  e f f e c t s  of u n i l a t e r a l ,  circum ­
s c r ib e d  le s io n s .  This method r e ta in s  c e r ta in  advantages fo r  i t  a llow s one 
to  examine the  q u estio n  o f hem ispheric  d if f e re n c e  in  d e ta i l  by observ ing  
th e  form of fu n c tio n a l impairment produced by asym m etrical damage to  
p a r t i c u la r  c o r t i c a l  a re a s . Such c l i n i c a l  evidence in d ic a te s  th a t  l e f t  
hem isphere le s io n s  d is ru p t v e rb a l a b i l i t i e s ,  lead ing  in  genera l to  
v a rio u s  forms o f ap h as ia , whereas r ig h t  sided  le s io n s  in te r f e r e  w ith  the  
apprehension  o f complex c o n f ig u ra tio n a l p ro p e r tie s  of v isu a l s t im u li ,  
in c lu d in g  an impairment in  the  a b i l i t y  to  reco g n ise  fa c e s .
During th e  1960's  th i s  evidence has been streng thened  and extended
by o b se rv a tio n s  on p a t ie n ts  w ith  mid l in e  c e re b ra l  ccnraiissurectCHiiy. This 
o p e ra tio n , which e lim in a te s  d i r e c t  cross-com m unication between the hemi­
sp h e re s , leav es  both  s id e s  i n ta c t  but fu n c tio n a lly  independent. In 
p a t ie n ts  who have had such su rg ery , each hem isphere can be te s te d  sep­
a r a te ly  fo r  i t s  p o s i t iv e  as  w ell as  i t s  n e g a tiv e  competence, and d i r e c t  
com parisons can be made between the  independent perform ance of th e  l e f t  
and r ig h t  hem isphere in  the  same in d iv id u a l. The r e s u l t s  conform w ith  the 
p rev ious f in d in g s  in  th a t  i f  l in g u is t i c  p ro cess in g  i s  invo lved , the 
s u b je c t 's  response i s  dominated by th e  l e f t  hem isphere, bu t w ith  the  p e r­
cep tio n  o f fa c es  and complex p a tte rn s  th e  r ig h t  hem isphere i s  s u p e r io r .
Evidence a ls o  comes from s tu d ie s  on p a t ie n ts  w ith  a ra re  d e fe c t 
termed p rosopagnosia , which i s  an in a b i l i t y  to  recogn ise  fa m ilia r  faces 
such as f r ie n d s  and r e l a t i v e s .  A good d eal of a t te n t io n  has been d ire c te d  
to  the  lo c a tio n  o f le s io n  s i t e s  in  th e se  p a t ie n t s ,  in c lu d in g  d e ta i le d  
re p o r ts  o f the  c l i n i c a l  m a n ife s ta tio n s  and d e s c r ip t io n s  of more d i r e c t  
(post-m ortem ) f in d in g s . Although th e  p ic tu re  i s  by no meare s t r a ig h t ­
forw ard, th e  r ig h t  hem isphere does appear to  be im p lica ted  more than  the 
l e f t .
I t  i s  obv iously  convenient to  s im ila r ly  s tu d y  c e rd ^ ra l asynm etries 
in  norm al, in t a c t  s u b je c ts ,  and such experim ents have given v a luab le  
c o rro b o ra tio n  to  the  co nclusions drawn from th e  c l i n i c a l  m a te r ia l .  This 
conform ation i s  p a r t i c u la r ly  im portan t because the  r e s u l t s  from 
commissurectomies a re  based on p a t ie n ts  who u s u a lly  have a h is to ry  of 
e a r ly  b ra in  damage and who consequently  could have an abnormal 
d is t r ib u t io n  o f fu n c tio n  between the  two hem ispheres. In norm als, 
a t te n t io n  has been d ire c te d  to  l a t e r a l i t y  e f f e c t s  in  v isu a l p e rcep tio n  
and c e r ta in  r i g h t / l e f t  d if fe re n c e s  to  l a t e r a l i s e d  v is u a l s tim u li have 
been re p o rte d , in c lu d in g  a s u p e r io r i ty  of the  l e f t  v isu a l f i e ld  (s u b se r­
ving  th e  r ig h t  h em is^ iere) to  face  s t im u li .
This ev idence fo r  a  r ig h t  hem isphere s u p e r io r i ty  in  th e  p ro cessin g  
o f fa c e s  based on le s io n  s tu d ie s , th e  s t r ik in g  e f f e c t s  of commissure 
s e c t io n , th e  prosopagnosic syndrome and th e  dem onstration  o f fu n c tio n a l 
asymmetry in  normal s u b je c ts ,  w il l  now be reviewed in  more d e t a i l .
Lesion s tu d ie s
A c o n s id e ra b le  l i t e r a t u r e  has b u i l t  up in  recen t years  d ea lin g  w ith  
v is u a l  p e rcep tio n  in  p a t ie n ts  w ith  c e re b ra l le s io n s . In o rd e r to  e v a lu a te  
th e  r e s u l t s  o f such s tu d ie s  i t  would perhaps be h e lp fu l to  c o n s id e r the 
ty p es  o f t e s t  which have been used to  s tudy  f a c ia l  d isc r im in a tio n  in  
th e se  p a t ie n t s .  They have been o f th re e  broad ty p es:
1 . Matching procedures in  which a f a c ia l  photograph has to  be matched to  
an o th er photograph o f the  same fa c e . Some t e s t s  re q u ire  m atching of 
photographs taken  from d i f f e r e n t  an g les o r  m odified by v a rio u s  
e x p re ss io n s .
2 . Those te s t in g  immediate r e c a l l  o f p rev io u s ly  u n fa m ilia r  fa c e s . The 
s u b je c t  might be shown a f a c ia l  photograph which i s  subsequen tly  removed, 
and he o r  she i s  then  req u ired  im m ediately to  p ick  out th e  face  from a 
d isp la y  o f s e v e ra l fa c e s .
3 . Those t e s t in g  more long-term  v is u a l memory fo r  fa c e s , such as  the  
re c o g n itio n  o f w ell known p u b lic  f ig u re s  o r  o f p rev io u s ly  unknown feces  
a f t e r  an a p p ro p r ia te  d e lay . This type o f t e s t  i s  the  most c lo s e ly  r e la te d  
to  th e  c l i n i c a l  symptom of prosopagnosia .
Benton and Van A llen  (1968) have in v e s tig a te d  f a c ia l  re c o g n itio n  in  
p a t ie n ts  w ith  le s io n s  confined  e i th e r  to  the  r ig h t  o r  l e f t  hem isphere by 
u sin g  a m atching p rocedure , which made no demands upxDn immediate memory.
The ta sk  p re sen ted  to  th e  s u b je c t invo lved  matching id e n t ic a l  photographs 
o f an u n fa m ilia r  face  and s im ila r ly  m atching d i f f e r e n t  photographs o f th e  
same fa c e . They found th a t  th e  mean perform ance le v e l of the  p a t ie n ts  
w ith  r ig h t  hem isphere le s io n s  was s ig n i f ic a n t ly  i n f e r io r  to  t h a t  of 
p a t ie n ts  w ith  l e f t  hem isphere le s io n s .  G rossly  d e fe c tiv e  perform ances 
were made m ainly  by th e  p a t ie n ts  w ith  r i g h t  s id ed  le s io n s .  The r e s u l t s  
were not r e la te d  to  th e  presence  o f v is u a l  f i e l d  d e fe c t ,  the  p resence  of 
ap h as ia  o r  th e  type o f le s io n .  These o b se rv a tio n s  ir id ic a te  t h a t  im p a ir­
ment in  f a c ia l  re c o g n itio n  i s  c lo s e ly  a sso c ia te d  w ith  d isea se  o f the  
r i g h t  h em is0 ie re . No locus e f f e c t  cou ld  be d e tec te d  w ith  t h a t  p a t ie n t  
group nor were th e re  any e x p l i c i t  c r i t e r i a  fo r  lo c a l is e d  le s io n s .
M ilner (1968) d e sc r ib e s  a  s e r ie s  o f experim ents invo lv ing  f a c ia l  
re c o g n itio n  s p e c i f ic a l ly  designed to  c o n tr a s t  th e  e f f e c t s  o f eq u iv a len t 
r i g h t  and l e f t  a n te r io r  tem poral lobe e x c is io n s . Groups o f p a t ie n t s  w ith  
c o r t i c a l  re s e c tio n s  frcm r ig h t  and l e f t  tem p o ra l, f ro n ta l  o r  p a r ie ta l  
re g io n s  were re q u ire d  to  recogn ise  photographs o f u n fa m ilia r  fa c es  frcm a 
la rg e r  a r ra y , having been shown the  photographs p rev io u s ly . Three 
v a r ia t io n s  o f th e  ta sk  were used: (a )  th e  in te rv a l  o f two m inutes between 
th e  i n i t i a l  p re s e n ta tio n  and th e  re c o g n itio n  t e s t  was f i l l e d  w ith  an 
i r r e le v a n t  ta s k , (b) th e  in te rv a l  remained th e  same but the  in te rp o la te d  
ta sk  was em itted  and (c ) th e re  was no d e lay  between p re s e n ta t io n  and 
r e t e s t .  Oi th e  f i r s t  two ta sk s  th e  p a t ie n ts  w ith r ig h t  tem poral 
lobectom ies showed marked d e f i c i t s  compared w ith  a l l  the  o th e r  groups. 
The r ig h t  tem poral lobe p a t ie n ts  w ith  e x te n s iv e  hippocampal removal were 
found to  be s ig n i f ic a n t ly  more im paired r e l a t i v e  to  the r ig h t  tem poral 
subgroup in  %h(xn the  hippocampus had been sp a re d . These r e s u l t s  appeared 
to  in d ic a te  th a t  th e  p a t ie n ts  w ith  r i g h t  tem poral lobe e x c is io n s  were 
fo r g e t t in g  the  i n i t i a l  s e t  o f faces  more ra p id ly  than  th e  o th e r  s u b je c ts .
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However, on th e  th ir d  ta sk  ("im m ediate re c o g n itio n " )  no obvious group 
d if f e r e n c e s  were seen because the  normal c o n tro ls  and th e  o th e r  p a t ie n ts  
d id  worse th an  w ith  the  d e lay . Only th e  r ig h t  tem poral group showed no 
s ig n i f ic a n t  d if f e re n c e  between th e  two co n d itio n s  (w ith  and w ithout an 
i n t e r v a l ) .
These d i f f e r e n t i a l  e f f e c t s  o f r ig h t  and l e f t  tem poral lobe 
re s e c tio n s  on memory fo r  faces  a re  a l l  th e  more convincing because the
groups viiose perform ance was compared were w ell matched w ith  regard  to
age, g en era l in te l l ig e n c e ,  a e tio lo g y  o f p re o p e ra tiv e  le s io n , s e iz u re  
h is to r y  and th e  e x te n t o f t i s s u e  renoved. F u r th em o re , th e  r e s u l t s  cannot 
be exp la ined  away by re fe re n c e  to  v is u a l f i e ld  changes fo r  th e  r i g h t  and 
l e f t  tem poral groups d id  not d i f f e r  in  t h i s  re s p e c t .
M ilner p o in ts  out th a t  th e  breakdown o f perform ance on th e  f a c ia l
re c o g n itio n  t e s t  in  the  r ig h t  tem poral group could  have a r is e n  as a  
consequence e i th e r  o f poor i n i t i a l  p e rc e p tio n , poor r e te n t io n ,  o r  b o th . 
P a t ie n ts  w ith  r ig h t  tem poral lobe damage a re  a lso  r p o r t e d  to  perform  
le s s  w ell w ith  d is c r im in a tio n  o f re c u rr in g  nonsense f ig u re s  (Kimura, 
1963). M ilner th e re fo re  s t r e s s e s  th a t  the  decrement found w ith  f a c ia l  
re c o g n itio n  could  r e f l e c t  a  g en era l impairment fo r  non-verbal p a tte rn ed  
s t im u li  and not fa c es  p e r s e .
In a  s tu d y  by Yin (1970) th e se  two s e p a ra te  problem s, th a t  o f  i n t r a -  
hem ispheric  locus o f le s io n  and the  type o f v is u a l s tim u lu s , have been 
in v e s t ig a te d  more e x te n s iv e ly . B a s ic a lly , i f  c e r ta in  in ju r ie s  s e le c t iv e ly  
im pair f a c i a l ,  bu t not o b je c t re c o g n itio n  (and v ice  v e rsa ) th e re  would be 
some reason  to  b e lie v e  th a t  th e  form er i s  a  sp e c ia l a b i l i t y  (s e e  the  
double d is s o c ia t io n  mentioned by W arrington and Jam es, 1967). The 
s u b je c ts  com prised f i f t y - s i x  American Army o r  Navy personnel w ith  open
o r  c lo sed  head in ju r i e s  in cu rred  in  th e  Korean c o n f l i c t .  The th ir ty - s e v e n  
p a t ie n ts  w ith  p e n e tra tin g  m is s i le  wounds were d iv ided  in to  f iv e
c a te g o r ie s , th o se  who had receiv ed  r ig h t  f r o n t a l , l e f t  f r o n t a l , r ig h t  
p o s te r io r ,  l e f t  p o s t - e r io r  o r  b i l a t e r a l  in ju r i e s .  These in d iv id u a l groups 
were compared w ith  n in e te e n  c lo sed  head in ju ry  p a t ie n t s  and w ith  tw elve 
normal c o n tro ls  ( \^ o  had served  unscathed in  th e  same m il i ta r y  u n i t s  as 
th e  in ju re d  men).
Each s u b je c t  viewed an in sp e c tio n  s e r ie s  o f 40 pho tographs, 20 
u n fa m ilia r  male fa c e s  and 20 houses. The subsequent t e s t  s e r ie s  co n sis te d  
o f 12 p a i r s  o f fa c e s  and 12 p a i r s  o f houses, each p a ir  co n ta in in g  an
e x ac t d u p lic a te  o f a  p ic tu r e  seen in  th e  in sp e c tio n  s e r ie s  and one not
p re v io u s ly  shown. For each p a ir  the p a t ie n t  had m erely to  in d ic a te  which 
p ic tu r e  he had seen  b e fo re . A ll p a t ie n ts  and c o n tro l s u b je c ts  were 
te s te d  fo r  re c o g n itio n  memory w ith  bo th  the  faces  and houses in  u p r ig h t 
and in v e rte d  o r ie n ta t io n s .
The r e s u l t s  showed th a t  compared to  the  o th e r  p a t ie n ts  and
c o n tro ls ,  th e  r i g h t  p o s te r io r  group perform ed s ig n i f ic a n t ly  l e s s  w e ll on 
u p r ig h t fa c e s , y e t  th e re  was no s ig n i f ic a n t  d if f e re n c e  between th e  groups 
on u p rig h t houses. In c o n t r a s t ,  th e  r ig h t  p o s te r io r  p a t ie n ts  performed 
b e t t e r  th an  th e  o th e r  u n i l a t e r a l ly  in ju re d  groups on th e  in v e rte d  fece 
t e s t .  This d is s o c ia t io n  o f perform ance on u p rig h t and in v e rted  face 
re c o g n itio n , between th e  p a t ie n ts  w ith  r ig h t  p o s te r io r  in ju r ie s  airl a l l  
th e  o th e r  u n i l a t e r a l  i n ju r i e s ,  su g g es ts  th a t  th e  r ig h t  p o s te r io r  p a t ie n ts  
had a  d e f i c i t  s p e c i f ic  to  norm ally p re sen te d , i . e .  u p r ig h t , fa c e s .  Since 
th e se  p a t ie n ts  d id  worse than  the o th e rs  when th e  faces  were u p r ig h t ,  but 
b e t t e r  when they  were in v e r te d , the  r e s u l t s  a re  d i f f i c u l t  to  a t t r i b u t e  to  
v a r ia t io n s  between p a t ie n t  groups, such as  age, in te l l ig e n c e  and s iz e  o f
le s io n . Yin concludes from t h i s  s tudy  th a t  th e re  may be a  sp e c ia l fa c e -  
s p e c i f ic  re c o g n itio n  system  lo ca ted  in  the  r ig h t  hem isphere lA ich i s  
s e n s i t iv e  to  o r ie n ta t io n .  Although he does not say so , a  fu r th e r  
conclusion  could  be th a t  th e  re c o g n itio n  o f in v e rte d  faces  i s  not s p e c if ­
i c a l ly  c a r r ie d  ou t in  the  r ig h t  hem isphere.
F au lty  re c c g n itio n  o f fa c es  does th e re fo re  seen to  be s tro n g ly  
a s so c ia te d  w ith  r ig h t  s id ed  le s io n s  though the  acceptance of the  
p o s te r io r  reg ion  o f th e  r ig h t  hem isphere as  the  most im portan t s i t e  fo r  
t h i s  impairment i s  questioned  by the  b in d in g s  o f Benton and Van A llen 
(1968), because perfomance le v e l on th e i r  t e s t  o f id e n t i f i c a t io n  of 
u n fa m ilia r  faces  was n o t r e la te d  to  the  in trah em isp h e ric  locus of le s io n .
Commissurectomies
R ecogn ition  o f fa m il ia r  faces  cannot though be the  e x c lu s iv e  
p rov ince  o f th e  r ig h t  hem isphere fo r  f a c ia l  agnosia  does not occur a f t e r  
r ig h t  hemispherectomy (Damasio, Lima and Damasio, 1975). S im ila r ly , ccmm- 
isu rec tom ized  p a t ie n ts  can recogn ise  faces  p resen ted  to  e i th e r  the  r ig h t  
o r l e f t  v is u a l f i e l d ,  th a t  i s ,  w ith  e i th e r  the  is o la te d  l e f t  o r  r ig h t  
hem isphere. Ifowever, th e  r e s u l t s  o f a  d e ta i le d  s tudy  by Levy, T revarthen  
and Sperry  (1972) o f fo u r p a t ie n ts  who had undergone s u rg ic a l s e c tio n  of 
th e  e n t i r e  corpus callosum , and fo re b ra in  and a n te r io r  ccmmissures 
p rov ide  c le a r  evidence fo r  a  fu n c tio n a l s u p e r io r i ty  of the  r ig h t  hemi­
sphere  fo r  f a c ia l  re c o g n itio n . The experim ent employed ta c h is to s c o p ic  
p re s e n ta tio n  to  th e  s e p a ra te  h a lf  f i e ld s  o f v is io n  corresponding  to  each 
c e re b ra l  hem isphere. According to  the p a t te rn  of re tin o ce rd D ra l 
co n n ec tio n s , s t im u li  ly in g  in  the  l e f t  p a r t  o f th e  v is u a l f i e ld  ( th a t  i s ,  
to  th e  l e f t  o f the  f ix a t io n  p o in t)  a r e  p ro je c ted  to  the  r ig h t  ha lv es  of 
th e  r e t in a e  and to  th e  r ig h t  hem isphere whereas s t im u li  ly in g  in  the
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r ig h t  p a r t  o f the  v is u a l f i e ld  ( th a t  i s ,  to  the r ig h t  of the f ix a t io n
p o in t)  a re  p ro je c te d  to  the  l e f t  h a lv es  o f the re t in a e  and to  the  l e f t
hem isphere. A s u p e r io r i ty  o f p e rc ep tio n  (a s  measured by speed o r
accuracy) in  one f i e ld  compared w ith  the  o th e r  argues fo r  a sp ec ia l
"dcxninance" of th a t  p a r t i c u la r  hem isphere.
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The p a t ie n ts  were in s tru c te d  to  view a chim eric  s tim u lu s  ( i e  the 
l e f t  h a lf  o f one face jo in ed  a t  the m id lin e  to  the r ig h t  h a lf  o f an o th er 
fa c e , (F ig  1 :1 ) p ro je c te d  v ia  a ta c h is to sc o p e  to  the dominant eye.
sub tend ing  an ang le  o f 5 deg rees cen tred  on the f ix a t io n  p o in t. 
O rig in a l, whole faces  were p resen ted  f i r s t  in  f r e e  v is io n  on a ta b le  in  
f ro n t  o f th e  s u b je c t who was then  req u ested  to  choose the  fece  he sub­
seq u en tly  saw fla sh ed  in  the  ta c h is to sc o p e  e i th e r  by (a ) p o in tin g  w ith  
th e  r ig h t  hand, (b ) p o in tin g  w ith  the  l e f t  hand o r (c ) by naming the  
fa c e . The design  o f the  t e s t  depended on the  phenomenon of " h a llu c in a te d  
c o n p le tio n s" , th a t  i s  the  f a c t  th a t  ccmmissurectomy p a t ie n ts ,  when 
con fron ted  w ith  a  s tim u lu s  which ex tends a c ro ss  the  mid l in e  of th e  v is u a l 
f i e l d ,  w il l  re p o r t  see ing  a  whole and com plete p ic tu re  even though each 
hem is^ ie re  only  re c e iv e s  th a t  p a r t  o f th e  s tim u lu s  which i s  in  the  
c o n t r a la t e r a l  v is u a l f i e ld .  This method o f p re se n ta tio n  th e re fo re  induces 
se p a ra te  and r iv a l  p e rcep tu a l p ro cesses  in  the  is o la te d  r ig h t  and l e f t
hem ispheres. When responding w ith  th e  l e f t  hand a l l  su b je c ts  showed a
s tro n g  p re fe ren ce  fo r  the  face  p resen ted  in  the  l e f t  v isu a l f i e ld  ( th e  
one appearing  on th e  l e f t  s id e  o f th e  ch im eric  f ig u re  which p ro je c ted  to  
the  r ig h t  hem isphere). 89% o f  responses corresponded to  the  face  in  the
l e f t  h a lf  f i e ld  and 10% to  th a t  shown in  th e  r ig h t  h a lf  f i e ld .  Even when
the  r ig h t  hand was used fo r  p o in tin g , t h i s  s tro n g  asymmetry rem ained, 75% 
f o r  the  l e f t  h a l f  f i e ld  and 20% f o r  th e  r ig h t  h a lf  f i e l d .  However, when 
th e  response re q u ired  v erb a l naming, th e  sco res  reversed  in  favour o f th e  
r ig h t  h a l f  f i e ld  o f the  ch im eric  s tim u lu s , (36% l e f t  h a lf  f i e ld  and 49% 
r ig h t  h a l f  f i e l d ) .
W hilst th e  im portan t f in d in g  o f t h i s  s tudy  i s  the very c le a r  l e f t  
h a l f  f i e ld  s u p e r io r i ty  fo r  fa c e s , i t  i s  in te r e s t in g  th a t  p a t ie n ts  d id  
o c c a s io n a lly  p o in t to  the  s tim u lu s  shown in  the  r ig h t  h a lf  f i e l d .  
P o s s ib le  in te r p r e ta t io n s  fo r  th ese  ex cep tio n a l responses inc lu d e  c ro ss  
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Rccogni'.ion o f  farniliar objccis.
The same p a t ie n ts  were a lso  te s te d  w ith  two o th e r  s e ts  o f s tim u li 
in  o rd e r to  e s ta b l is h  whether the r ig h t  hem isphere s u p e r io r i ty  fo r  faces 
was s p e c i f ic  o r re p re se n ta tio n a l o f a more general c ap ac ity  fo r
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p ro cess in g  complex s p a t i a l  form s. One s e t  c o n s is te d  o f " a n t le r "  p a t te rn s  
(F ig  1 :2 ) which comprised s tim u li  which had p ro p e r tie s  such as  h i symmetry 
and complex o rg a n is a tio n , in  common w ith  fa c e s , bu t a t  the  same tim e were 
u n fa m ilia r , no t f a c e - l ik e  and not re a d ily  d is tin g u ish e d  by name. The 
second s e t  was made up o f ch im eric  fa m il ia r  o b je c ts  (F ig  1 :3 ) in  o rd e r to  
f in d  out i f  th e  same minor hem isphere s u p e r io r i ty  would occur w ith  common 
o b je c ts  w ith  w ell known and long e s ta b lis h e d  v erb a l la b e ls .  On both of 
th e se  t e s t s  th e  r e s u l t s  were s im ila r  to  those  ob ta ined  fo r  fa c e s , i . e .  a 
s tro n g  l e f t  f i e ld  p re fe ren ce  occurred  in  th e  t r i a l s  in v o lv in g  s e le c t io n  
by manual p o in tin g  w ith  e i th e r  the  r ig h t  o r  l e f t  hand.
Levy e t  a l  concluded th a t  the  r ig h t ,  minor hem isphere in  th ese  
p a t ie n ts  dominated th e  response when no language was involved and only  a  
d i r e c t  manual re a c tio n  was re q u ire d , such as  p o in tin g . I t  i s  of sp e c ia l  
i n t e r e s t  th a t  th e  r ig h t  hem isphere was s t i l l  sup)erior even when the 
m ajor, l e f t  hem isphere was favoured by re q u ir in g  th e  s u b je c ts  to  use 
t h e i r  r ig h t  hands. While the r e s u l t s  o f the  " a n t le r "  and chim eric
fa m il ia r  o b je c t  t e s t s  a lso  showed a minor hem isphere s u p e r io r i ty  in  both 
c a se s , th e  au th o rs  s t r e s s  th a t  the  d a ta  in  no way exclude th e  p o s s ib i l i ty  
th a t  face  re c o g n itio n  i s  a  s p e c ia l  a b i l i t y  beyond th a t  fo r  g e n e ra l,
complex v is u a l  p ro cess in g .
P rosopagnosia
More p e r t in e n t  to  the  p re sen t d isc u ss io n  i s  the  in v e s t ig a t io n  o f 
th o se  p a t ie n ts  in  whcxn reco g n isin g  fa m ilia r  peop le , fo r  example r e l a t iv e s  
and f r ie n d s ,  proves p a r t ic u la r ly  d i f f i c u l t .  A r a re  syndrome which
in v o lv es  being  unab le , on the b a s is  o f f a c ia l  cues a lo n e , to  reco g n ise  a 
h ig h ly  f a m il ia r  person has been known ever s in ce  a case was f i r s t  
re p o rte d  by C harcot (1887). Bodamer (1947) la b e lle d  th i s  d e f i c i t
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"prosopagnosia" because he b e liev ed  th a t  a  f a c e - s p e c if ic  p ro cess , more 
p r im itiv e  than  th a t  used fo r  reco g n is in g  o th e r  o b je c ts , had been 
d is ru p te d . However, th e re  i s  s t i l l  some d isagreem ent as to  the  exac t 
n a tu re  o f th e  d e f i c i t  in  t hese c a s e s . Supix>rting the^theory_J:hat prosop-^
agnosia  i s  in  f a c t  a  s e p a ra te  e n t i t y ,  ( i . e .  a  p u re ly  f a c ia l  ag n o sia ), 
T zavaras, Hecaen and Le Bras (1970) re p o r t  a  lack  o f c o r re la t io n  between 
poor perform ance on t e s t s  o f f a c ia l  re c o g n itio n  and a range of o th e r  
t e s t s  o f a  complex p e rc ep tu a l n a tu re . Many re se a rc h e rs  though regard  the 
d iso rd e r  as  merely one form o f d is tu rb a n c e  in  the v isu a l re c o g n itio n  
p ro c e ss . De R enzi, F a g lio n i and S p in n le r  (1968) d e sc rib e  a p a t ie n t  w ith  
sev e re  prosopagnosia who was a ls o  im paired on ta sk s  re q u ir in g  the 
d is c r im in a tio n  o f complex v is u a l  p a t te r n s .  Beyn and Knyazera (1962), in  a 
re p o r t  on one p ro so p ag n o sic , found th a t  th e  p a t ie n t  was a lso  unable to  
id e n tify  fa m il ia r  rooms, b u ild in g s , s t r e e t s  and p laces  although  s p a t i a l  
p e rcep tio n  as such was not d is tu rb e d . The p a tie n t  could d is t in g u is h  
between d i f f e r e n t  types o f b u ild in g s  shown in  p ic tu re s  but was unable to  
reco g n ise  a c tu a l b u ild in g s  o r  p la ce s  which had p rev io u sly  been fa m il ia r  
to  him. The a u th o rs  su ggest th a t  p rosopagnosia  does not merely re p re se n t 
a  g en eric  f a i l u r e  o f o b je c t  re c o g n itio n  but r e f l e c t s  a  s p e c if ic  
in c ap a c ity  to  r e a c t  to  th e  unique c h a r a c te r i s t i c s  of p a r t ic u la r  o b je c ts ,  
such as  fa c e s , b u ild in g s  and p la c e s . G eneric re co g n itio n  may be in ta c t  
bu t in d iv id u a l re c o g n itio n  g ro ss ly  im paired .
That such p a t ie n ts  do experience  problem s in  the  re c o g n itio n  of 
o th e r  fa m ilia r  s t im u li  (a p a r t  from human fa c e s )  has a lso  been rep o rted  by 
B o rn s te in , Sroka and Munitz (1969), who d e sc rib e  a farm er no longer ab le  
to  recogn ise  h is  cows even though he had been reared  on a farm and had 
p rev io u s ly  an o u ts tan d in g  a b i l i t y  to  id e n t i fy  animal fa c e s . S im ila r ly , 
Damasio, Damasio and Van Hoesen (1982), in  t h e i r  in v e s t ig a tio n  o f th re e
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prosopagnosic p a t ie n ts ,  found th a t  they  had become unable to  recogn ise  
t h e i r  c a rs  and a r t i c l e s  o f c lo th in g . Two o f  th e se  prosopagnosic p a t ie n ts  
were given  a ta sk  dev ised  to  a s s e s s  th e  c o n tr ib u tio n s  of both o b je c t
s p e c i f i c i ty  and the  A m biguity  o f a  ca teg o ry . The ta sk  co n sis ted  of recog­
n is in g  and naming s e ts  o f v is u a l s t im u li  belonging to  sev e ra l groups, fo r  
example ( i )  anim als (which con tained  c lo se -u p  photographs o f a  ro b in , 
dom estic c a t ,  horse  e t c ) ,  ( i i )  motor v e h ic le s  and ( i i i )  a b s t r a c t  symbols 
( e .g .  q u e s tio n  mark, percen tage  s ig n , sw astika  and exclam ation m ark). 
While s t im u li  such as an owl, e lep h an t and horse  were always c o r r e c t ly  
named th e re  were m istaken id e n t i ty  responses regard ing  the  th re e  
d i f f e r e n t  but v is u a l ly  s im ila r  dom estic c a ts ,  which were recogn ised  as 
" t ig e r " ,  " c a t"  and "p an th er" . The p a t i e n t ’s  d i f f i c u l ty  occurred when the  
s tim u lu s  belonged to  a  v is u a l ly  ambiguous category  (a  group o f s t im u li  
in  which numerous d i f f e r e n t  members a re  s t r u c tu r a l ly  s im ila r )  r a th e r  
than being  in  i t s e l f  v is u a l ly  d i s t in c t iv e  ( i . e .  when d i f f e r e n t  members 
adopt d i f f e r e n t  s t r u c tu r e s ) .  Like Beyn and Knyazera (1962), Damasio e t  a l 
conclude th a t  prosopagnosia i s  r e la te d  to  " the  need to  evoke the  
s p e c i f ic  co n tex t o f a  v is u a l s tim u lu s  belonging  to  a v is u a l ly  ambiguous 
c a te g o ry " . In o th e r  words, th e  g en eric  c la s s  to  which a s tim u lu s  be longs 
p re s e n ts  no d i f f i c u l ty ,  bu t re c o g n itio n  o f an in d iv id u a l manber o f th a t  
c la s s ,  whose id e n t i ty  had p rev io u s ly  been le a rn ed , i s  im paired . P a t ie n ts  
w ith  p rosopagnosia  know th a t  a  face  i s  a face  and name i t  as  su c h , y e t 
they  a re  unable to  recogn ise  a  given f a m il ia r  fa ce ; they  do not know to  
whom i t  belongs and a re  consequently  unable to  name i t .  Demasio e t  a l 
conclude th a t  the  Impairment l i e s  in  the  co n tex tu a l a s s o c ia tio n  needed to  
determ ine  th e  h is to ry  o f an o b je c t in  r e la t io n  to  the  s u b je c t .  The 
m a tte r , however, i s  s t i l l  c o n tro v e rs ia l  fo r  more re c e n tly  De Renzi (1985)
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has d e sc rib ed  th re e  p a t ie n ts  w ith  p rosopagnosia  la s t in g  more than  one 
y ear vAio were q u ite  ab le  to  id e n t i fy  t h e i r  personal belongings ( t i e s ,
ra z o rs ,  w a lle ts  e tc )  and th e i r  own handw riting  from s im ila r  a r ra y s . They 
could  a ls o  d is t in g u is h  d i f f e r e n t  ty p es  o f f r u i t  (lemon, o range), p lay ing  
c a rd s , c o in s  and banknotes. De Renzi th e re fo re  argues th a t  the  prosop­
agnosic  impairment i s  no t sim ply a  f a i l u r e  to  id e n tify  one exemplar o f a  
ca teg o ry  but i s  a  d e f i c i t  s p e c if ic  fo r  face  memory.
A number o f s tu d ie s  have shown th a t  w ith  prosopagnosia , the 
d i s a b i l i t y  which u n d e r lie s  th e  re c o g n itio n  o f a  fa m ilia r  face  i s  not 
ap p aren t when d is c r im in a tin g  u n fa m ilia r  fa c e s . A ssal (1969) d e sc r ib e s  a 
57 y ear o ld  man, who, fo llow ing  removal o f a  la rg e  in tr a c e re b ra l  hematoma 
in  the  r ig h t  p a r ie to - o c c ip i ta l  a re a , could  only  recogn ise  h is  r e la t iv e s  
i f  they  had spoken to  him. P h y sic ian s  and n u rses were recognised  when 
they  were in  uniform  but not in  c iv i l i a n  c lo th e s  and photographs of 
c e l e b r i t i e s  posed g re a t d i f f i c u l t y .  However, when given a b a t te ry  of 
t e s t s  in  which he had to  match u n fa m ilia r  fa c e s , h is  perform ance was w ell 
w ith in  normal l im i t s .  Tzavaras e t  a l  (1970) re p o r t  s im ila r  f in d in g s  in  a 
61 y ear o ld  male w ith  f a c ia l  ag n o sia , a  s u p e r io r  a l t i t u d in a l  hem ianopia, 
s p a t i a l  d is o r ie n ta t io n  and im paired co lo u r v is io n , su g g es tin g  the  
p resence  o f a  b i l a t e r a l  le s io n  fo llow ing  a ce reb ro v ascu la r acc id en t 
s ix te e n  y ears  p rev io u s ly . Although th e  p a t ie n t  had g re a t d i f f i c u l ty  
reco g n is in g  fa m il ia r  people in c lu d in g  h is  w ife , h is  perform ance when 
d is c r im in a tin g  u n fa m ilia r  fa ces  was a lm ost e q u iv a len t to  the  mean sco re  
o b ta ined  from c o n tro l s u b je c ts .
Benton and Van A llen (1972), in  a  d e ta i le d  study o f a young female 
p rosopagnosic , have a lso  shown th a t  th e se  two ta sk s  a re  d is s o c ia b le .  
While unable to  recogn ise  her husband and c h ild re n , the  p a tie n t performed 
w ell w ith in  th e  l im i ts  o f normal v a r ia t io n  on a t e s t  re q u ir in g  the
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m atching o f u n fa m ilia r  fa c e s . Benton and Van A llen conclude th a t
prosopagnosia  cannot be exp lained  s o le ly  in  term s o f a  general v is io -  
p e rc e p tiv e  impairment and suggest th a t  the  prim ary d e fe c t may be o f an 
a s s o c ia t iv e  n a tu re  inv o lv in g  impairment o f c u rre n t w ith  p a s t ex p erien ce .
These s tu d ie s  show th a t  th e  prosopagnosic d e fe c t i s  rem arkably 
s im ila r  in  th e  m a jo rity  o f re p o rted  cases but seldom p re se n ts  as an 
is o la te d  form and alm ost always has vary ing  a sso c ia te d  d e fe c ts  such as 
co lo u r ag n o sia , a  s p a t i a l  d iso rd e r  and v is u a l o b je c t ag n o sia . The l a t t e r  
seems to  r e f l e c t  a  d e fe c t in  in d iv id u a l re c o g n itio n , an impairment in  the  
d is c r im in a tio n  o f  s t im u li  which a re  s t r u c tu r a l ly  very  s im i la r .  
R ecognition  o f fa m il ia r  and u n fa m ilia r  faces  in  th ese  p a t ie n ts  i s  o f te n  
d is s o c ia b le  su g g estin g  th a t  th e i r  d i f f i c u l ty  may l i e  in  an in a b i l i ty  to  
a s s o c ia te  p re se n t w ith  p a s t e x p e rien ces .
One o f the  o u ts tan d in g  q u e s tio n s  o f th i s  co n d itio n  i s  w hether a 
p u re ly  u n i l a t e r a l  c e re b ra l le s io n  can be re sp o n s ib le  o r  w hether b i l a t e r a l  
le s io n s  a re  n ecessa ry . In the  m a jo rity  of published  cases  in v e s t ig a t io n s  
have been scan ty  and a n a ly s is  of th e  rep o rted  c l i n i c a l  d e t a i l s  i s  
f re q u e n tly  unrew arding from the  view point o f p re c ise  lo c a l i s a t io n .  
However, a  number o f s tu d ie s  have made c e r ta in  o b se rv a tio n s  about the  
lo c a l i s a t io n  o f th e  le s io n s  from the  a v a ila b le  c l in i c a l  ev idence and in  a 
few c a se s , ra d io lo g ic a l  o r o p e ra tiv e  f in d in g s  have been d e sc r ib e d . Beyn 
and Knyazera (1962) conclude th a t  the  sudden o n se t of p rosopagnosia , 
co lo u r ag n o sia , b i l a t e r a l  f i e ld  d e fe c ts  (a  r ig h t  homonymous hem ianopia 
and a  l e f t  su p e r io r  q u ad ran tic  f i e ld  d e fe c t)  and an impairment in  s p a t ia l  
o r ie n ta t io n ,  in  a 39 y ear o ld  male p a t i e n t , a re  c o n s is te n t  w ith  a 
b i l a t e r a l  o c c ip i ta l  lobe le s io n  due to  ce reb ro v ascu la r d is e a s e .  Cole and 
P erez -C ru e t (1964) sug g est th a t  b i l a t e r a l  upper a l t i t u d i n a l  f i e ld
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d e fe c ts ,  c o n s tru c tio n a l a p ra x ia , d i f f i c u l ty  w ith  co lo u rs  and topograph­
ic a l  agnosia  to g e th e r  w ith  p rosopagnosia , in  a  38 year o ld  m ale, lend
support fo r  a  b i l a t e r a l  p a r ie to - o c c ip i ta l  le s io n . B o rn ste in , Sroka and 
Munitz (1969), d e sc r ib in g  th e  sudden o n se t o f prosopagnosia w ith  animal 
face  agnosia  in  a  58 y ear o ld  fa rm er, re p o r t  th a t  a lthough th e re  was no 
impairment in  to p o g rap h ica l o r ie n ta t io n  o r  co lo u r v is io n  th e re  were 
acccxnpaning l e f t  s id ed  b r is k  re f le x e s  and a  dense, l e f t  hcwnonymous hemi­
anop ia , r e f le c t in g  u n i la te r a l  damage in  th e  r ig h t  hem isphere.
L o c a lis a tio n  o f le s io n s  by CT scans has been rep o rted  in  th re e  
prosopagnosic p a t ie n ts  by W hiteley and W arrington (1977). B i la te r a l  
o c c ip i ta l  lobe in f a r c t io n s ,  l e f t  la rg e r  than  r ig h t ,  were found in  a  65 
y ear o ld  male whose i n a b i l i t y  to  reco g n ise  fa m il ia r  people was accanpan- 
ied  by d is tu rb e d  co lo u r v is io n ,  m ild l e f t  hem iparesis  and b i l a t e r a l  
v is u a l  f i e ld  d e fe c ts  (en la rg ed  b lin d  spo t on the  r ig h t  and a p e r ip h e ra l 
n a sa l d e fe c t on th e  l e f t ) . There was no to p c^ rap h ica l confusion  o r  
d re s s in g  a p ra x ia . Case 2, a  55 y e a r o ld  fem ale, p resen ted  w ith  sudden 
o n se t o f an i n a b i l i ty  to  reco g n ise  fa c e s . She had no d i f f i c u l ty  f in d in g  
her w hereabouts o r  in  d re s s in g , and te s t in g  of co lo u r v is io n  on the 
Is h ih a ra  c h a r t  was norm al. C l in ic a l  exam ination revealed  a mild l e f t  
hem iparesis  and a l e f t  homonomous hem ianopia w ith  an upper tem poral 
scotoma in  th e  l e f t  eye. The CT scan  showed a  d e n s ity  c o n s is te n t w ith  a 
haematoma in  the  l a t e r a l  p a r t  o f th e  r ig h t  o c c ip i ta l  lobe . The l e f t  
hem isphere was norm al.
Case 3, a r ig h t  handed, 49 y ear o ld  fem ale, was adm itted  fo llow ing  
in c re a s in g  o c c ip i ta l  headache w ith  b lu r r in g  o f v is io n  on the l e f t  s id e .  A 
dense l e f t  homonymous hem ianopia was p re sen t but o therw ise  n e u ro lo g ic a l 
exam ination was normal and no d i f f i c u l ty  in  f a c ia l  re c o g n itio n  was no ted . 
CT scan showed a tumour in  the m edial p o rtio n  of the  r ig h t  p a r ie to -
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o c c ip ita l  region with a s h if t  o f mid l in e  structures to the l e f t ,  but
o th erw ise  th e  l e f t  hem isphere was norm al. A r ig h t  o c c ip i ta l  craniotcwny 
rev ea led  an astrocytcxna on th e  m edial su rfa c e  o f th e  o c c ip i ta l  lobe and 
o c c ip i ta l  lobectomy was perform ed. V is ib le  tumour, deep in  the p a r ie ta l  
lobe was a ls o  ranoved but no tumour was seen in  the  l e f t  hem isphere. 
A fte r reg a in in g  co nsc iousness, th e  p a t ie n t  was unable to  recogn ise  anyone 
from th e i r  f a c ia l  appearance. She had a  l e f t  homonymous hemianopia bu t no 
o th e r  n e u ro lo g ic a l s ig n s . The tumour s i t e  was i r r a d ia te d  and two months 
l a t e r ,  a t  fo llow -up h e r symptoms had la rg e ly  re so lv ed . This recovery  
r a i s e s  th e  p o s s ib i l i ty  th a t  the  c r i t i c a l  a re a  fo r  f a c ia l  re c o g n itio n  was 
no t a b la te d  but merely d is tu rb e d  by the  s u rg ic a l p rocedure, im p lic a tin g  
th e  reg ion  a n te r io r  to  th e  o c c ip i ta l  lobe i t s e l f .
Although the  f i r s t  case  d esc rib ed  in  t h i s  re p o r t was shown, ra d io -  
lo g ic a l ly ,  to  have b i l a t e r a l  o c c ip i ta l  le s io n s , the  o th e r two p a t ie n t s ,  
on the  evidence a v a i la b le ,  appeared to  have p u re ly  u n i l a t e r a l ,  r ig h t  
s id ed  le s io n s .  De Renzi (1985) a ls o  re p o r ts  two prosopagnosic p a t ie n ts  
who were shown, by CT scan , to  have le s io n s  confined to  the  r ig h t  hemi­
sp h ere . Both p a t ie n ts  had so fte n in g  confined  to  the  t e r r i t o r y  of d is ­
t r ib u t io n  o f the  r ig h t  p o s te r io r  c e re b ra l a r te r y  w ithout any s ign  of 
abnorm ality  in  the  l e f t  hem isphere. So, to  summarise, i t  i s  c le a r  th a t  
seme c l i n i c a l  re p o r ts  p rov ide  evidence o f b i l a t e r a l  d ise a se  (shov/n 
u su a lly  by b i l a t e r a l  f i e ld  d e fe c ts )  but th e re  i s  a ls o  evidence to  su g g est 
only  r ig h t  hem isphere involvem ent.
Some workers argue th a t  c l i n i c a l  f in d in g s  a lo n e  a re  in s u f f ic ie n t  
fo r  the  purpose o f a cc u ra te  lo c a l is a t io n  (B o rn ste in  and K idron , 1959; 
C loning e t  a l ,  1970) but in  only a  sm all number o f cases have th e re  been 
d e ta i le d  re p o r ts  o f n e c ro p s ie s . Meadows (1974) has analysed  the c l i n i c a l
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case  re p o r ts  and reev a lu a ted  th e  p a th o lo g ic a l f in d in g s  in  the  only
d e ta i le d  re p o r t  s_o:L _necropsies-on-prosopagnosic— p a t i e n t ^ — which tôtâr
seven. In a l l  cases  th e re  was r ig h t  o c c ip i to te n p o ra l pathology w ith  
evidence o f b i l a t e r a l  d is e a s e . In f iv e  case s  the  l e f t  hem isphere le s io n  
was sym m etrically  s i t e d ,  i . e .  in  th e  l e f t  o c c ip i to tem poral a re a , bu t in  
the  rem aining two p a t ie n ts  the  l e f t  s id ed  le s io n  co n sis ted  only o f mild 
g l i o s i s  in  the  an g u lar gyrus reg io n  (d e sc rib ed  by Pevzner e t  a l ,  1962) 
and in v asio n  by tumour through the  p o s te r io r  p a r t o f the  corpus 
callosum , b u t only as f a r  as th e  v e n t r ic u la r  w a ll, (Hecaen e t  a l ,  1957). 
Meadows’ review  o f th e  v isu a l f i e ld  d e fe c ts  found in  fo rty -tw o  cases  of 
prosopagnosia  (p u b lish ed  s in ce  1930) a lso  f a i le d  to  support th e  
c o n s is te n t  presence  o f sym m etrical le s io n s ,  fo r  r ig h t  upper q u ad ran tic  
f i e ld  d e fe c ts  were not a  re g u la r  f in d in g . Although v isu a l f i e ld  d e fe c ts  
were n e a r ly  always p re s e n t, in  approxim ately  h a lf  of th e  cases  (23
p a t ie n ts )  th e re  was no r ig h t  v is u a l f i e ld  d e fe c t a t  a l l .  In u n i la te r a l
cases  th e  d e fe c t was u su a lly  on the  l e f t ,  most freq u e n tly  a l e f t  upper
quadran t involvem ent, su g g estin g  a  low, p o s te r io r ly  p laced le s io n  in  the 
r ig h t  c e re b ra l  hem isphere. There w ere, however, four cases  w ith  un i­
l a t e r a l  r ig h t  sided  d e fe c ts  and fou r p a t ie n ts  w ithout v isu a l d e fe c ts .
T his ev idence p o in ts  c le a r ly  to  the  im portance of o cc ip ito tem p o ra l 
le s io n s  in  p rosopagnosia , p a r t i c u la r ly  th o se  w ith in  the r ig h t  hem isphere. 
L esions in  th i s  a re a  were found in  a l l  seven necropsy cases  and th i s
c o r r e la te s  w ith  the  extrem ely high in c id en ce  o f l e f t  upper q u ad ran tic
v is u a l f i e l d  d e fe c ts  in  the  c l i n i c a l  case  r e p o r ts .  However, l e f t
hem isphere le s io n s  were a lso  p re se n t in  the  seven necro p sies  but only
f iv e  o f th e se  were o cc ip ito tem p o ra l a s  in  th e  r ig h t  hem isphere. Meadows
th e re fo re  concludes, r a th e r  c a u tio u s ly , ’’th a t  b i l a t e r a l  o cc ip ito tem p o ra l 
le s io n s  may u n d e r lie  many cases  o f p rosopagnosia , but th a t  in  some c a se s ,
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th e  r ig h t  o cc ip ito tem p o ra l le s io n  i s  no t accompanied by a  co rresp o n d in g ly
s i te d  le s io n  in  the  l e f t  hem isphere".
Damasio, Damasio and Van Hoesen (1982) have s im ila r ly  reviewed the  
te n  postmortem re p o r ts  o f prosopagnosia pub lished  between 1892 and 1982, 
which in c lu d e  th e  same seven cases  d e sc rib ed  by Meadows. They a ls o  re p o r t  
th e  CT scan  r e s u l t s  from th re e  o f t h e i r  own p a t ie n ts  w ith  p rosopagnosia . 
T heir a n a ly s is  o f th e  postmortem d a ta  showed th a t  in  a l l  cases  th e  
le s io n s  were not only b i l a t e r a l  but fu n c tio n a lly  sym m etrical. There was 
only one ex cep tio n , th e  case d e sc rib ed  by Pevzner e t  a l  (1962). The 
con clu sio n  by Damasio e t  a l  i s  th e re fo re  alm ost id e n t ic a l  to  t h a t  of 
Meadows, th e  only d if fe re n c e  being the  in te r p r e ta t io n  of th e  l e f t  
hem isphere pathology in  the  p a t ie n t  re p o rte d  by Hecaen and A ngelergues 
(1962). The le s io n s  in  a l l  th re e  p a t ie n ts  who underwent CT scans were 
b i l a t e r a l  and sym m etrically  lo ca ted  in  th e  m esial o cc ip ito tem p o ra l 
re g io n s , th e  la rg e r  le s io n  being always on the  l e f t .
C e r ta in ly , evidence o f b i l a t e r a l  damage co n ven ien tly  acco u n ts  fo r  
th e  r a r i t y  o f th i s  co n d itio n  but the  in c o n s is te n t  lo c a tio n  of th e  le s io n  
in  th e  l e f t  hem isphere (re p o rte d  by Meadows) and the  f a c t  th a t  th e  
c l i n i c a l  ev idence o f te n  im p lic a te s  the  r ig h t  hem isphere more than  the
l e f t  s t i l l  need to  be ex p la in ed . Meadows p u ts  forward sev e ra l p o s s i b i l i t ­
ie s  to  overcome th e se  anom alies. He su g g es ts  th a t  some p a t ie n ts  w ith  
c l i n i c a l  ev idence o f only u n i la te r a l  d ise a se  may indeed have only  a
u n i l a t e r a l  le s io n  and be ra re  in d iv id u a ls  in  whom fu n c tio n  of f e c ia l
re c o g n itio n  i s  unusually  lo c a lis e d  in  the  r ig h t  hem isphere, whereas in  
most in d iv id u a ls  b i l a t e r a l  le s io n s  a re  re q u ire d  to  cause p rosopagnosia . 
Another p o s s ib i l i ty  i s  th a t  a com bination o f le s io n s  in  b i l a t e r a l  cases 
has the  same e f f e c t  a s  a s t r a t e g i c a l ly  p la ce d , s in g le  r ig h t  sided  le s io n .
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For example, re c o g n itio n  o f f a m il ia r  fa c e s  m ight depend on connections
-from—both—o c c ip i ta l  c o r t ic e s  tc r th ë  r ig h t  o cc ip i to tem poral c o r te x . 
L esions causing  d e s tru c tio n  o f  th e  r ig h t  prim ary v isu a l co rtex  in  combin­
a t io n  w ith  d e s tru c tio n  a t  some p o in t along  th e  pathway from the  l e f t  
s t r i a t e  c o rte x  might have th e  same e f f e c t  a s  a  s in g le ,  r ig h t  o c c ip i to ­
tem poral le s io n . Meadows a ls o  su g g es ts  th a t  a p a r t ic u la r ly  d is c r e te  
r ig h t  o cc ip ito tem p o ra l le s io n  might " in h ib i t"  o r "suppress"  any 
c o n tr ib u tio n  made by th e  l e f t  hem isphere tow ards f a c ia l  re c o g n itio n . I t  
i s  known th a t  the  l e f t  hem isphere can id e n t i fy  faces  when d isconnected  
from th e  r ig h t  hem isphere (Levy e t  a l ,  1972). With a la rg e r  r ig h t  sided  
le s io n , th i s  in h ib i to ry  e f f e c t  might be more deranged a llow ing to ta l  
id e n t i f i c a t io n  o f faces  by th e  l e f t  h em is^ ie re . This proposal accounts 
no t only  fo r  th e  r a r i t y  o f p rosopagnosia , bu t a lso  fo r  the r e te n t io n  of 
f a c ia l  re c o g n itio n  in  p a t ie n ts  w ith  la rg e  r ig h t  hem isphere le s io n s  such 
as  r ig h t  p o s te r io r  c e re b ra l  a r te r y  o c c lu s io n  and r ig h t  hemispherectomy.
F unctiona l asymmetry in  normal s u b je c ts
The ty p ic a l  experim ent in  t h i s  f i e ld  employs v isu a l s t im u li  
p re sen ted  ta c h is to s c o p ic a l ly  to  the  se p a ra te  h a lf  f i e ld s  o f v is io n  
(co rrespond ing  to  each c e re b ra l  h em isfiie re ), as desc rib ed  e a r l i e r  in  the  
method used to  t e s t  coramissurectomised p a t ie n t s .  Gross d is s o c ia t io n  o f 
hem ispheres i s  obv iously  no t th e  case  in  the  normal s u b je c t ,  fo r  v is u a l 
in fo rm atio n  which i s  s e le c t iv e ly  channelled  in to  one hem isphere i s  a lso  
made a v a ila b le  to  the  o p p o s ite  s id e  by th e  fo reb ra in  ccm m issures. Because 
th i s  c a l lo s a l  tran sm iss io n  ta k es  tim e, i t  fo llow s th a t  a m easurable 
in te r v a l  must in te rv e n e  between the  a r r iv a l  o f v isu a l in fo rm ation  to  the  
d i r e c t ly  s tim u la te d  s id e  and the  re c ep tio n  o f th i s  corresponding  inform a­
t io n  by th e  o th e r  hem isphere. A lo g ic a l  h y p o th esis  would p re d ic t  th a t  i f
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a su bject i s  asked to produce, as qu ick ly  as p o ss ib le , a d iscrim in ative
—response  to ^ n rv lsu a l p a t te rn  p resen ted  in  one h e m i f i e l d , t h e  responses 
w il l  be f a s t e r  to  a  s tim u lu s  p re sen ted  in  the  h a lf  f i e ld  p ro je c tin g  
d i r e c t ly  to  th e  hem isphere s p e c ia l is e d  in  p ro cessin g  th a t  p a r t ic u la r  
v is u a l  c o n f ig u ra tio n , than  to  a  s tim u lu s  p resen ted  in  the  o th e r  h a lf
f i e l d ,  which has to  c ro ss  from th e  n o n -sp e c ia lis e d  hem isphere to  the
o th e r  s id e  o f th e  b ra in  fo r  a n a ly s is .
R iz z o la t t i ,  D n ilta  and B erlu cch i (1971) subm itted  t h i s  h y p o th esis  
to  ex p erim en ta tion  in  a study in  which two groups of r ig h t  handed 
s u b je c ts  were te s te d  fo r  cho ice  re a c tio n  tim e to  l a te r a l i s e d  p re sen ta ­
t io n s  o f s in g le  c a p i ta l  l e t t e r s  and photographs o f unknown faces  
r e s p e c tiv e ly . Each s tim u lu s  was p resen ted  monocular 1 y fo r  100 ms, 5 
degrees to  the  r ig h t  o r  l e f t  and on a le v e l w ith  th e  f ix a tio n  p o in t .  The 
ta sk  was to  p re s s  a  key as  q u ick ly  a s  p o s s ib le  follow ing the  appearance 
o f a  p o s i t iv e  s tim u lus ( e .g .  a  face  th a t  had been a r b i t r a r i l y  s e le c te d  
a s  an " a tten d  to "  s tim u lu s  which s u b je c ts  had p rev io u s ly  le a rn t  to  
reco g n ise ) and not to  p re ss  a  key fo llo w in g  a n eg a tiv e  one. The type o f 
p re s e n ta t io n  and response was v a rie d  to  in c lu d e  the  four p o ss ib le  combin­
a t io n s ,  e .g .  r ig h t  f i e ld  -  r ig h t  hand, f ig h t  f i e ld  -  l e f t  hand, l e f t
f i e ld  -  r ig h t  hand and l e f t  f i e ld  — l e f t  hand. In each block ( fa c e s  o r
l e t t e r s )  p o s i t iv e  and n eg a tiv e  s t im u li  were p resen ted  in  quasi-random  
sequence, and th e  o rd e r o f the  fo u r experim en tal co n d itio n s  was v a ried  
over s e s s io n s . The r e s u l t s  showed a h ig h ly  s ig n if ic a n t  re a c t io n  tim e 
s u p e r io r i ty  o f the  r ig h t  v is u a l f i e ld ,  p ro je c t in g  to  the l e f t  hem isphere, 
when the  s tim u lu s  was a l e t t e r  (18 .5  ms f a s t e r  than the l e f t  v is u a l 
f i e ld )  and a re a c tio n  tim e s u p e r io r i ty  o f the l e f t  v isu a l f i e l d ,  
p ro je c tin g  to  the  r ig h t  hem isphere, when the  s tim u lus was a face  (14 .5  
ms f a s t e r  than th e  r ig h t  v is u a l f i e l d ) .
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Kinsbourne (1970 & 1972) has argued th at la te r a lity  e f f e c t s  in
p e rc ep tio n  can be a t t r ib u te d  to  an a t te n t io n a l  b ia s  in c lu d in g  an o cu la r 
d e v ia tio n  towards th e  v isu a l f i e ld  c o n ta la te r a l  to  th e  a c tiv a te d  hemi­
sp h ere , r a th e r  than to  more e f f i c i e n t  tra n sm iss io n  of in fo rm ation  along 
th e  s h o r te r  pathway to  t h i s  hem isphere. A ccordingly, the  r e s u l t s  of 
R iz z o la t t i  e t  a l  (1971) could be exp lained  by s e le c t iv e  a t te n t io n  and an 
u n co n tro lled  s h i f t  in  gaze tow ards the  re s p e c tiv e  v isu a l f i e ld  in  the  
l e t t e r  and face  b lo ck s. However, B erlu cch i (1975) p o in ts  out th a t  the 
s u p e r io r i ty  in  cho ice  re a c tio n  tim e o f th e  r ig h t  v isu a l f i e ld  fo r  l e t t e r s  
and the  l e f t  f i e ld  fo r  faces  could s t i l l  be observed when th ese  two types 
o f la te r a l i s e d  s tim u li  were p resen ted  in term ixed  in  a random sequence to  
th e  same su b je c t in  th e  same experim en t. S ince on no t r i a l  d id the  
su b je c t know what kind of s tim u lu s  was going to  appear, th e  d if fe re n c e  in  
re a c tio n  tim e between v is u a l f i e ld s  could  not be the r e s u l t  o f hemi­
sp h e r ic  p re a c tiv a t io n  due to  p r io r  knowledge o f th e  s tim u lu s . In s te ad , 
th e  d if fe re n c e s  must have been , a t  l e a s t  in  p a r t , caused by in fo rm ation  
t r a n s f e r  between the d i r e c t  and commissural in p u ts .
I t  should be noted th a t  a  l a t e r  in v e s t ig a t io n  in to  hem ispheric 
o rg a n is a tio n  and sex d if fe re n c e s  by R iz z o la t t i  and B uchtel (1977), u sing  
an id e n t ic a l  te s t in g  procedure as in  th e  s tudy  j u s t  d e sc rib ed , could not 
r e p l ic a te  in  fem ales th e  l e f t  v is u a l f i e ld  s u p e r io r i ty  to  faces  p rev ious­
ly  found in  m ales. However, G ilb e r t  (1977), u sing  the  same methDd and the  
same type o f unknown face  d is c r im in a tio n  ta s k , found a s ig n i f ic a n t ,  l e f t  
f i e ld  s u p e r io r i ty  ( in  speed of response) in  both n a le  and female 
s u b je c ts ,  w ith  no d if fe re n c e  between the  two groups.
G effen , Bradshaw and W allace (1971), a ls o  m easuring response tim es, 
have s im ila r ly  rep o rted  a l e f t  v is u a l f i e ld  advantage to  face s t im u li  but
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by u sin g  a  s l ig h t ly  d i f f e r e n t  p ro cedure . Each su b je c t was asked to  
memorise one Ident i k i t ^ a c e ^ — w hich-w as-subsequentTy-presented— ta c h i s to ^  
s c o p ic a lly  in  th e  c e n tre  o f the  v is u a l  f i e l d .  Superimposed on th i s  
"manory" face  was a  sm all c e n tr a l  c ro s s  fo r  f ix a t io n .  A t e s t  face  was 
then  p re sen ted  fo r  160 ms, e i th e r  in  th e  r ig h t  o r  l e f t  f i e ld  and the  
s u b je c t ’s  ta sk  was to  judge w hether th i s  face  was th e  same as o r  
d i f f e r e n t  frc«n th e  memorised one. Onset o f the  t e s t  face  tr ig g e re d  an 
e le c t ro n ic  tim e r which stopped when th e  su b je c t p ressed  one o f two 
response b u tto n s , (same o r  d i f f e r e n t ) .  An a n a ly s is  of th e  re a c tio n  tim es 
showed th a t  t e s t  fa ces  p resen ted  in  th e  l e f t  v isu a l f i e ld  were responded 
to  more ra p id ly  than those  in  the r ig h t  v isu a l f i e ld ,  w ith  no s ig n i f ic a n t  
d if f e re n c e  between r ig h t  and l e f t  hands in  speed of response .
While th e se  s tu d ie s  p rov ide  evidence o f a more rap id  o v e ra l l  r a t e  
o f f a c ia l  p ro cess in g  by th e  r ig h t  hem isphere compared to  the  l e f t ,  th e re  
i s  a ls o  in fo rm atio n  a v a ila b le  concerning the  lev e l of re c o g n itio n  
accuracy  when faces  a re  p resen ted  to  only  one hem isphere. H illy a rd  (1973) 
t e s te d  r ig h t  handed su b je c ts  using  ta c h is to s c o p ic  p re se n ta tio n  o f unknown 
fa c e s , again  re q u ir in g  a s a m e /d if fe re n t judgem ent. The s u b je c t ’s  ta sk  on 
each t r i a l  was to  s t a t e  w hether a face  appearing  in  a b r i e f ,  i n i t i a l  
exposure (40-60 ms) was the  same as  a  com parison one, p re sen ted  fo r  3 
seconds, which fo llow ed. Comparative accuracy o f f a c ia l  re c o g n itio n  in  
th e  l e f t  v is u a l  f i e ld  was s ig n i f ic a n t ly  b e t t e r  than th a t  in  the  r ig h t  
v is u a l  f i e l d .  In o rd e r to  in v e s t ig a te  whether an e f f e c t  o f manory fo r  
non-verbal v is u a l  s t im u li  could  be dem onstrated by the  r ig h t  hem isphere, 
th e  s u b je c ts  were a lso  te s te d  fo r  re c o g n itio n  accuracy w ith  a 10 second 
delay  between th e  t e s t  and comparison exposures. I t  was hypo th esised  th a t  
any l a t e r a l i t y  e f f e c t  fo r  face s t im u li  would be enhanced by t h i s  in te rv a l  
i f  th e  r ig h t  hem isphere con tained  such a memory mechanism. The r e s u l t s
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however showed no demonstrably s ig n if ic a n t  d ifferen ce  in  the v isu a l f ie ld
- e f fe c t—fo r-th e -tw o ~ T e ten tio n  in te r v a l s ,  w ith  o r  w ithout a  d e lay .
E l l i s  and Shepherd (1975), u s in g  th e  same experim ental design  as 
H illy a rd  (1973) but w ith  a  s h o r te r  exposure d u ra tio n  of the  t e s t  s tim u lus 
(15 m s), a ls o  recorded th e i r  s u b je c ts ' accuracy  in  making sam e /d iffe ren t 
judgem ents on in v e rted  fa c e s . The s tudy  by Yin (1970) found th a t  p a t ie n ts  
w ith  r ig h t  p o s te r io r  le s io n s  perform ed b e t t e r  w ith  in v e rted  faces  than
d id  p a t ie n ts  w ith  l e f t  s id ed  damage, su g g estin g  th a t  the  re c o g n itio n  of 
in v e rte d  fa c es  i s  not s p e c i f ic a l ly  c a r r ie d  out in  the  r ig h t  hem isphere. 
E l l i s  and Shepherd th e re fo re  p re d ic te d  th a t  w hile u p rig h t faces  would be 
b e t te r  recognised  i f  p re sen ted  in  the  l e f t  v isu a l f i e ld ,  in v e rte d  feces  
would be more a c c u ra te ly  recogn ised  i f  they occurred in  the  r ig h t  v isu a l 
f i e ld .  The r e s u l t s  r e p l ic a te d  the  l e f t  f i e ld  s u p e r io r i ty  fo r  u p rig h t 
fa ces  found in  p rev ious in v e s t ig a t io n s  and a lso  showed t h i s  to  be tru e  
fo r  in v e rte d  fa c e s . There was no d if fe re n c e  between the u p r ig h t and
in v e rte d  c o n d itio n s . E l l i s  and Shepherd conclude from th ese  f in d in g s  th a t  
th e  hypo thesised  face  s p e c i f ic  system  may not be o r ie n ta t io n  s p e c if ic  o r  
a l t e r n a t iv e ly ,  th a t  the  r ig h t  hem isphere i s  sim ply b e t te r  a t  reco g n isin g  
any complex p a t te rn .
A l e f t  v is u a l f i e ld  advantage has a ls o  been rep o rted  fo r  co loured  
p ic tu re s  o f  unknown feces  ( E l l i s  and Shepherd 1973), fo r  faces  showing 
e i th e r  a  n e u tra l  o r  em otional ex p ress io n  (Suber and McKeever 1977) and
those  w ith  both p o s i t iv e  and n eg a tiv e  em otional exp ression  (Ley and
Bryden 1979).
These experim ents on normal s u b je c ts  have always employed anonymous 
faces  and the  q u estio n  as to  w hether a  hem ispheric  d if fe re n c e  would be 
found w ith  th e  re c o g n itio n  o f w ell known faces  ( i . e .  faces  to  which
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v e rb a l la b e ls  have been long a tta c h e d )  remained open u n t i l  the  study by
M arzi e t  a l  (1974). Manual d is c r im in a tiv e  re a c t io n  tim es to  b r ie f  tach ­
is to s c o p ic  p re se n ta tio n  o f famous faces  were found to  be s ig n i f ic a n t ly  
f a s t e r  when shown in  the  r ig h t  v is u a l  f i e ld  and the r ig h t  f i e ld  was
s im ila r ly  found to  be su p e r io r  fo r  accu racy  o f re c o g n itio n  in  a  s e r ie s  of 
sn apsho ts  o f famous peop le . In an experim ent using  anonymous face  s t im u li  
which had p rev io u s ly  y ie ld ed  a  l e f t  v is u a l  f i e ld  s u p e r io r i ty  fo r  d isc r im ­
in a t iv e  re a c tio n  tim es, s u b je c ts  who had subsequently  been tau g h t to  
a l lo c a te  a  name to  each s tim u lu s  produced the  op p o site  e f f e c t ,  i . e .  
f a s t e r  tim es w ith  the  r ig h t  f i e l d .  In a  l a t e r  study  by Marzi and
B erlu cch i (1977) in  which s u b je c ts  were shown famous faces  and were 
req u ested  to  id e n t i fy  each face  by a  p roper name o r an unequivocal 
d e f in i t io n ,  accuracy was again  found to  be b e t t e r  w ith  those  faces  
p re sen ted  in  the  r ig h t  v is u a l f i e l d .  This f in d in g  conforms w ith  the
r e s u l t s  o f Levy e t  a l  (1972) on commissurectomised p a t ie n ts ,  in  th a t  i f  
l i n g u i s t i c  p ro cessin g  i s  in v o lv ed , th e  s u b je c t 's  response i s  dominated by 
th e  l e f t  hem isphere, favouring  th e  r ig h t  v is u a l f i e ld .
These d a ta  can h ard ly  r e fu te  the  overwhelming evidence p o in tin g  to  
a  s p e c ia l i s a t io n  o f the  r ig h t  hem isphere fo r  the  p rocessing  of unknown 
fa c es  in  normal s u b je c ts ,  y e t th ey  do r a is e  the  in te re s t in g  p o s s ib i l i ty  
th a t  under c e r ta in  co n d itio n s  th e  re c o g n itio n  o f faces may re ly  on 
c o g n itiv e  s t r a te g ie s  which re q u ire  th e  p re fe re n t ia l  invo lvanen t of the  
l e f t  hem isphere.
Sunmary
In conclusion  of t h i s  s e c t io n ,  the  in fo rm ation  regard ing  hemi­
sp h e r ic  fu n c tio n a l ro le s ,  o b ta in ed  from p a t ie n ts  w ith asym m etrical b ra in  
le s io n s ,  c e r ta in ly  su g g es ts  a  s tro n g  a s s o c ia t io n  between the  r ig h t  s id e
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and f a c ia l  re c o g n itio n . T his ev idence i s  s treng thened  and extended by th e
-o b se rv a tio n s  o n ^ a c la l^ p e rc e p tio h T .n  p a t ie n ts  w ith  s u r ç ic a l ly  separa ted  
hem ispheres, excep t when l in g u i s t i c  p ro cessin g  i s  a ls o  invo lved . The 
r e s u l t s  from s tu d ie s  on p rosopagnosia  a re  not q u ite  so s tra ig h tfo rw a rd . 
The ex ac t n a tu re  o f t h i s  d is o rd e r  i s  s t i l l  in  d is p u te , fo r  i t  seldom 
occurs as  an is o la te d  d e f i c i t  though th e  accompanying d e fe c ts  a r e  s im ila r  
in  th e  m a jo rity  o f c a s e s . R eports o f a  d is s o c ia t io n  between fa m il ia r  and 
u n fa m ilia r  f a c ia l  re c o g n itio n  in  th ese  p a t ie n ts  add a  fu r th e r  
co m p lica tio n , as do th e  c l i n i c a l  an a ly ses  which have po in ted  to  e i th e r  
b i l a t e r a l  o r  u n i l a t e r a l ,  r i g h t  s id ed  le s io n s .  Postmortem s tu d ie s  in d ic a te  
th e  im portance o f o cc ip ito tem p o ra l damage p a r t i c u la r ly  w ith in  th e  r ig h t  
hem isphere, bu t the  p resence  and c o n tr ib u tio n  o f fre q u e n t, sym m etrical 
l e f t  s id ed  le s io n s  s t i l l  rem ain to  be ex p la in ed . T h ch isto scop ic  h a lf  
f i e l d  experim ents in  normal s u b je c ts  have produced a  c le a r  in d ic a t io n  o f 
a  r ig h t  hem isphere advantage in  f a c ia l  p e rc e p tio n , excep t when l in g u is t ic  
in te r fe re n c e  i s  invo lved  (a s  w ith  the  commissurectomised p a t i e n t s ) .
Taken to g e th e r ,  th e se  v a rio u s  sources o f evidence p o in t s tro n g ly  to  
a r ig h t  hem isphere s u p e r io r i ty  in  f a c ia l  p ro cess in g . In an a ttem p t to  
ex p la in  th e  o b se rv a tio n s  t h a t  a re  a t  v a rian ce  w ith  t h i s  s ta tem e n t, one
could  su g g est th a t  th e  a s s o c ia t io n  between f a c ia l  re c o g n itio n  and the
r ig h t  hem isphere i s  on ly  a  g en era l r u le .  A ccordingly, th e  f in d in g s  which 
do not conform, fo r  example th e  d if fe re n c e s  between known and unknown 
fa c e s , th e  changes th a t  occur w ith  language involvem ent and th e  b i l a t e r a l  
le s io n s  found w ith  p rosopagnosic  postm ortem s, m ight m erely in d ic a te  th a t  
under sp e c ia l  c ircum stances th e  q u estio n  i s  not one o f a b so lu te  dominance 
bu t r a th e r  one o f r e l a t i v e  hem ispheric s p e c ia l i s a t io n  o r  d i f f e r e n t  
lo c a l i s a t io n  w ith in  each hem isphere (W arrington and Jam es, 1967).
Given th e se  experim en tal in d ic a tio n s  o f a c e r ^ r a l  asymmetry fo r
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fa c e s  th e  p o s s ib i l i t y  th a t  such s p e c ia l i s a t io n  m ight be m irrored  in  
e le c tro p h y s io lo g ic a l  s tu d ie s  seemed worthy o f in v e s t ig a t io n .  Such a 
techn ique  o f f e r s  a  c le a r  advantage over t r a d i t io n a l  methods because i t  
a llo w s assessm ent o f fu n c tio n  w ith in  each hem isphere s im u ltan eo u sly  as 
w e ll as p ro v id in g  in d ic a t io n s  o f  fu n c tio n a l lo c a l i s a t io n .  D iffe ren ces  in  
th e  b r a i n 's  response  to  f a m il ia r  and u n fa m ilia r  faces  should  pxrcmote a 
c le a r e r  u n d erstand ing  o f th e  mechanisms th a t  u n d e r lie  re c o g n itio n  and 
com parison o f the  waveform recorded  in  response to  faces  and o th e r  
complex s t im u li  m ight h e lp  to  ex p la in  th e  sp e c ia l n a tu re  o f face  pro­
c e s s in g . B efore d e sc r ib in g  th e  experim ents th a t  were performed the 





1. The Averaging Technique 
U nderlying assum ptions:
A) Neuronal s p e c i f i c i ty
B) The r e la t io n s h ip  between neuronal a c t i v i ty  and the  E .P . waveform
C) L o c a lis a t io n  o f E .P .s  to  fu n c tio n a l a re as
D) C o rre la tio n  between sc a lp  reco rd in g s  and c o r t i c a l  a c t i v i ty
2 . The Normal S u rface  E .P .
F ac to rs  causing  v a r ia t io n  in  the  E .P .
A) R eference e le c tro d e
B) S tim ulus f a c to r s
C) C o g n itiv e  s t a t e  o f su b je c t
3 . V .E .P . S tu d ie s  in v o lv in g  Simple s tim u li
A) The f la s h  V .E .P . ( in c lu d in g  age and symmetry)
B) V .E .P . to  f la sh ed  p a t te rn
C) The p a t te rn  re v e rs a l  V .E .P .
4 . V .E .P . S tu d ies  in v o lv in g  Complex s tim u li
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J5ie_Averaging-_Technique.
One p h y s io lo g ic a l techn ique  which has proved u se fu l in  in v e s t­
ig a t in g  th e  fu n c tio n  o f  b ra in  a re a s  i s  th e  averaged evoked p o te n tia l  
(A .E .P .) . E le c t r ic a l  im pulses a r e  recorded  f ra n  e le c tro d e s  a tta ch e d  to  
th e  s c a lp , and th e  r e s u l t in g  waveform i s  termed the  e le c tro e n c ep h a lo ­
graph ic  t r a c e ,  (E .E .G .) . S tim u li a re  p resen ted  and each one t r ig g e r s  a  
computer to  s to r e  a  sample o f E.E.G. a t  a  sp e c if ie d  tim e. This p re -  
progr'aiimed computer w ith  an averag ing  f a c i l i t y  adds up con secu tiv e  
samples of b ra in  a c t i v i t y .  As th e  samples of E.E.G. a re  tim e-locked  to  
th e  s t im u li  any response which occurs c o n s is te n tly  w il l  g ra d u a lly  
summate, whereas th e  on-going E.E.G. a c t i v i ty ,  bearin g  no c o n sta n t tim e 
re la t io n s h ip  to  th e  s tim u lu s , w il l  g ra d u a lly  cancel o u t. The averaged 
response to  a  s e r ie s  o f s t im u li  i s  then  d isp lay ed  in  g ra p h ic a l form. The 
in fe re n c e  th a t  such a  response does however s ig n ify  fu n c tio n a l b ra in  
a c t i v i t y ,  which i s  r e la te d  to  a c e r ta in  s tim u lus m odality , r e l i e s  on a 
number o f assum ptions. F i r s t l y ,  th a t  c o r t i c a l  neurones a r e  s tim u lu s  
s p e c if ic  and th e i r  behaviour ( a c t iv a t io n  o r  qu iescence) i s  r e f le c te d  in  
th e  evoked p o te n t ia l  waveform. Secondly, th a t  a response occurs lo c a l is e d  
to  i t s  assumed fu n c tio n a l a re a  and th a t  such in t r a c r a n ia l  a c t i v i ty  i s  
a c c u ra te ly  recorded  by sc a lp  e le c tro d e s . These assum ptions w i l l  be 
considered  in  tu rn .
Neuronal S p e c i f ic i ty .
I n te r p r e ta t io n s  from s tu d ie s  in v e s t ig a t in g  the r e la t io n s h ip  
between in t r a c o r t i c a l  neuronal mechanisms and the  components of the  
v is u a l  evoked p o te n t ia l  a re  com plicated by d i f f e r in g  r e s u l t s .  For
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example, Fraim and Bond (1967) u sin g  l ig h t  f la s h e s  and sim ultaneously
reco rd in g  s in g le  neurone a c t i v i t y  and the  evoked p o te n tia l  over the  
exposed su rfa c e  o f th e  p o s te r io r  l a t e r a l  gyrus in  th e  c a t ,  d e sc rib e  c e l l s  
a c t iv a te d  s p e c i f ic a l ly  by p h o tic  s t im u la tio n . They a lso  found the  
r e la t io n  between th e  su rfa c e  V .E.P and in t r a c e l lu l a r  a c t iv i ty  such th a t  
neurones tended to  f i r e  during  su rfa c e  p o s i t iv e  waves, and to  cease 
f i r i n g  during  su rfa c e  n eg a tiv e  waves. A s im ila r  c o r re la t io n  between 
in h ib i t io n  and su rfa c e  n e g a tiv i ty  has been desc rib ed  by Humphrey (1968), 
reco rd in g  p o te n t ia l s  in  response  to  e l e c t r i c a l  s tim u la tio n  over th e  motor 
c o rte x  in  th e  a d u lt  c a t .  In c o n tra s t  however, C re u tz fe ld t e t  a l  (1969), 
again  using  l ig h t  f la s h e s  and reco rd in g  f ra n  a re a  17 in  the  c a t ,  observed 
p o la r is a t io n  ( in h ib i t io n )  o f c o r t i c a l  c e l l s  co in c id in g  w ith  su rface  
p o s i t iv i ty  in  response to  th e  l ig h t  s t im u l i .  In te rp r e ta t io n s  a re  fu r th e r  
com plicated  by th e  lack  o f u n ifo rm ity  o f d i f f e r e n t  c e l l  groups w ith in  the  
c o rte x  so th a t  complex in te r a c t io n s  o f d e p o la r iz a tio n  and p o la r iz a t io n  
may occur (C re u tz fe ld t  and Kuhnt, 1967).
The R e la tio n sh ip  between Neuronal A c tiv ity  and the  E .P . Waveform.
W hilst th e se  s tu d ie s  do in d ic a te , th a t  c o r t i c a l  neurones a re  
s e le c t iv e  in  t h e i r  response to  s t im u l i ,  c o n f l ic t in g  f in d in g s  a r is e  
concern ing  how c e l l  a c t iv a t io n  and in h ib i t io n  a re  r e la te d  to  the  E.P. 
waveform. Humphrey (1968) g ives a  d e ta i le d  ex p lan a tio n  o f th e se  apparen t 
c o n tra d ic t io n s  and s t a t e s  "one cannot assume th a t  c e l l s  of the same 
shape, su b jec ted  to  sy n ap tic  in p u ts  o f the  same kind and a t  s im ila r  
som adendritic  lo c a t io n s , w il l  in  general g en era te  c o r t i c a l  su rface  
p o te n t ia l s  o f a  g iven p o la r i ty " .  He concludes th a t  many fa c to rs  must be 
considered  b e fo re  a ttem p tin g  to  ex p la in  th e  in c o n s tan t i^ a se  
r e la t io n s h ip s ,  fo r  example: th e  som adendritic  lo c a tio n  and s p a t ia l  ex ten t
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o f conductance changes, th e  d e n d r i t ic  le n g th s  o f th e  c e l l u l a r  p o pu la tion  
JLnvolyed—and—th e-d is tr-ib u t-io n -o f—re sp o n d in g -c e lls -o v e r—c o r t ic a l— d e p tlrr
The s i tu a t io n  i s  th e re fo re  co n sid e rab ly  conplex and # i i l e  fu r th e r  s in g le  
c e l l  and E .P . c o r r e la t io n s  may be h e lp fu l in  e lu c id a tin g  the  neuronal 
s u b s tr a te s  o f th e  V .E .P . in  experim ental an im als, more d i r e c t  d a ta  a re  
re q u ired  to  ex p la in  th e  su rfa ce  p o te n t ia ls  recorded  in  man. Meanwhile, 
th e  o r ig in s  o f human evoked p o te n t ia ls  remain obscu re .
L o c a lis a tio n  o f E .P .s  to  F u nctiona l A reas.
S tu d ie s  on the  lo c a l is a t io n  o f the  E .P . waveform to  assumed 
fu n c tio n a l reg io n s  a re  le s s  c o n tra d ic to ry . In man, the  to pograph ica l 
d i s t r ib u t io n  o f v is u a l evoked responses recorded w ith  e le c tro d e s  over th e  
su rfa c e  o f the  o c c ip i ta l  c o rtex  has been in v e s t ig a te d  by H irsh e t  a l 
(1961). In a  s e r ie s  o f e leven  p a t ie n ts ,  undergoing n eu ro su rg ica l 
procedures w ith  lo c a l a n a e s th e s ia , e le c tro d e s  were placed on th e  exposed 
m edial and l a t e r a l  su rfa c e s  o f the  o c c ip i ta l  lo b e . S tim u la tin g  w ith  f la s h  
a t  a  r a te  o f 1 /sec  and using  su p erim p o sitio n  te ch n iq u es , they were ab le  
to  record  responses from both medial and l a t e r a l  su r fa c e s , maximum 
am plitude being  o p p o site  the c a lc a r in e  f i s s u r e .  E arly  components 
o c cu rrin g  a t  40-50 msec were p re sen t over bo th  s u rfa c e s , but a  l a t e r  
component a t  90-100 msec was only  reco rd ab le  over the  l a t e r a l  re g io n . 
They noted th a t  the  sc a lp  evoked p o te n tia l  (as desc rib ed  in  the 
l i t e r a t u r e  and not sim u ltaneously  recorded) resem bled the response 
o b ta ined  over the  l a t e r a l  su rfa ce  o f th e  o c c ip i ta l  lobe but not th a t  fran  
th e  m edial su r fa c e . E lec tro g rap h ic  responses from im planted e le c tro d e s  in  
response to  f la s h  and p a tte rn ed  l ig h t  (geom etric  shapes and p ic tu re s )  
have been rep o rted  by P erez -B o rja  e t  a l  (1962). R ecordings were made from 
th e  o c c ip i ta l  lobes o f 26 p a t ie n ts  using  a to t a l  o f 167 dep th  e le c tro d e s .
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Responses to  s in g le  f la sh e s  o f l ig h t  were lo c a lised  to  d iscre te  areas of
th e—o c c ip i ta lr^ o b e  in  o r  near th e  c a lc a r in e  re g io n , whereas the  responses 
to  p a tte rn ed  s tim u la tio n  (lamda waves) were lo ca ted  not only  in  the 
m edial p o r tio n  bu t a ls o  in  the  in f e r o la te r a l  and o c ca s io n a lly  in  the 
s u p e ro la te ra l  p o r tio n  o f th e  o c c ip i ta l  lobe .
E le c t r ic a l  mapping o f som atosensory a re a s  in  man shows s im ila r  
lo c a l i s a t io n .  K elly  e t  a l .  (1965), in  the waking p a t ie n t ,  i n i t i a l l y  
id e n t i f ie d  th e  motor and som atosensory hand a re a s  by e l e c t r i c a l l y  
s tim u la tin g  the  c o r t i c a l  s u r fa c e . Subsequent s tim u la tio n  o f the  median 
nerve evoked la rg e  am plitude responses lim ited  to  th e se  a re as  and the 
im m ediately neighbouring  c o r te x . These workers re p o r t th a t  th e i r  t r a n s -  
c o r t i c a l  waveform was comparable to  th e  response e l i c i t e d  by medi^an nerve 
s tim u la tio n  and recorded  f ra n  the  sc a lp  in  normal human s u b je c ts , 
d e sc rib ed  in  a  s e p a ra te  study by Goff e t  a l .  (1962). In o id e r  to  
de term ine  the  lo c a tio n  o f th e  human prim ary a u d ito ry  a re a , a  sy stem atic  
e x p lo ra tio n  of th e  su p e r io r  tem poral p lane  has been undertaken  by C e le s ia  
and P u l e t t i  (1969). Average responses to  b in au ra l c l ic k s  a t  1 /sec  were 
recorded  w ith  the  use o f a  m u ltic o n ta c t depth  probe from the exposed 
co rte x  in  f iv e  p a t ie n ts  under lo c a l a n a e s th e s ia . The responses were 
o b ta ined  from a  sm all a re a  on the s u p e r io r  su rfa ce  o f th e  tonpora l lobe , 
re p re se n tin g  the  prim ary a u d ito ry  a re a  in  man and corresponding  to  the  
c y to a rc h ite c to n ie  f i e ld s  o f Brodman. îtowever, comparing th e i r  in t r a ­
c ra n ia l  r e s u l t s  w ith  th e  waveform recorded over the  sc a lp  d escribed  by 
o th e r  a u th o rs , C e le s ia  and P u le t t i  re p o r t th a t  th e  la te n cy , d u ra tio n  and 
c o n f ig u ra tio n  o f the  s c a lp  p o te n t ia ls  were not comparable to  th ese  
recorded  from th e  prim ary a u d ito ry  c o r te x .
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C o rre la tio n  between S calp  Recording and C o r tic a l  A c tiv i ty .
-----------Sim ultaneous reco rd in g s  Tran in t r a c r a n ia l  and overly ing  sc a lp
e le c tro d e s  a re  c le a r ly  o f g re a te r  im portance in  determ ining how 
f a i t h f u l ly  th e  a c t i v i ty  a t  th e  sc a lp  r e f l e c t s  th e  a c t i v i ty  of th e  c o r te x . 
D ire c t com parisons have been made in  the  awake Rhesus monkey, w ith  1 /sec  
f la s h  s t im u li ,  by Vaughan and Gross (1969). Recording sim ultaneously  from 
c o r t i c a l ,  e p id u ra l and subdermal e le c tro d e s  p laced  above each o th e r  over 
s t r i a t e  and p a r ie ta l  c o r te x , they found th e  waveforms o f th e  responses 
recorded over the  same s i t e s  to  be e s s e n t ia l ly  s im i la r .  O p p o rtu n itie s  fo r  
human in t r a c r a n ia l  s tu d ie s  a re  r a re  and th e re  a re  few re p o r ts  o f such 
sim ultaneous V .E .P . re c o rd in g s . In man, Rayport e t  a l  (1964) concluded 
th a t  th e  averaged sc a lp  p o te n tia l  r e f le c te d  q u ite  a c c u ra te ly  the  
responses evoked in  the  p o s te r io r  m argin o f th e  m esial o c c ip i ta l  c o r te x . 
Recording from u n an ae th e tized  human s u b je c ts ,  they d e sc rib e  a complex 
V .E.P . c h a ra c te r iz e d  by a  sequence o f p o s it iv e -n e g a tiv e  d e f le c t io n s  w ith  
se v e ra l f a s t  waves. S calp  e le c tro d e s  showed a t te n u a tio n  of f a s t  
components but p re se rv a tio n  o f la ten cy  and form o f th e  slow er components 
o f  th e  e a r ly  response . C o rle tto  e t  a l  (1967) have re p o rted  V .E .P .
f in d in g s  in  an e p i le p t ic  p a t ie n t  who had to  undergo s u rg ic a l a b la t io n  o f 
th e  l e f t  o c c ip i ta l  p o le . Comparisons were made (a )  between th e  averaged 
v is u a l  evoked response recorded from the s c a lp  and th a t  recorded
d i r e c t ly  from the  v is u a l co rte x  and (b) between s c a lp  responses recorded  
b e fo re  and a f t e r  su rg e ry . The averaged evoked resp o n se , b ip o la r ly  
recorded  from the  exposed co rtex  between an e le c tro d e  placed on the
o c c ip i ta l  lobe (a re a  17) and an o th er in  f ro n t of th e  v isu a l re g io n , was 
rom arkably s im ila r  to  th a t  . recorded by sc a lp  e le c tro d e s  having an 
analogous s p a t i a l  arrangem ent. The a b la t io n  o f the o c c ip i ta l  po le  g re a t ly  
reduced the  am plitude o f waves w ith  peak la te n c ie s  between 50 and 110
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msec bu t d id  not a f f e c t  th e  l a te  components w ith  la  t e n d  es_over_120_msec^
These f in d in g s  su g g est th a t  th e  main s i t e  o f p roduction  fo r  waves 
o ccu rrin g  between 50 and 110 msec i s  in  a re a  17 ( th e  ab la ted  neuronal 
p o p u la tio n ) , and th a t  the  l a t e r  components a re  probably generated  
elsew here.
However, Cooper e t  a l  (1965) s t a t e  " the  s c a lp  E.E.G. i s  a very poor 
in d ic a to r  o f th e  complex lo c a l a c t i v i ty  going on a t  c o r t i c a l  le v e l ."  In 
t h e i r  s tudy , in t r a c r a n ia l  reco rd in g s  were made from c h ro n ic a lly  im planted 
e le c tro d e s  in s e r te d  in  tw elve p a t ie n t s .  A c tiv ity  evoked by s in g le  f la sh e s  
o f l ig h t  was recorded  from an o c c ip i ta l  s c a lp  e le c tro d e  (02, r ig h t  
o c c ip i ta l )  and compared w ith  a c t i v i ty  o ccu rrin g  s im u ltaneously  in  a dep th  
e le c tro d e  ( ly in g  very  c lo se  to  the  dura im m ediately beneath  the  02 
su rfa c e  e le c tro d e ) .  The c o r t i c a l  response , c o n s is tin g  of a la rg e  
p o s i t iv e  d e f le c t io n ,  was not seen in  the  sc a lp  reco rd in g ; only  
synchronous a c t i v i t y  from a  r e l a t iv e ly  la rg e  a re a  o f co rtex  could be 
observed . U n fo rtu n a te ly , th e se  r e s u l t s  a re  o f do u b tfu l s ig n if ic a n c e  
because th e  a u th o rs  p h o to g ra p h ic a lly  superimposed only  10 sweeps of
o c c ip i ta l  sc a lp  a c t i v i t y ,  a  techn ique which f re q u e n tly  f a i l s  to  d e fin e  
s ig n a ls  o f low am plitude . Heath and G a lb ra ith  (1966) have a lso
dem onstrated  d if fe re n c e s  in  the  evoked p o te n t ia ls  recorded  s im u ltaneously  
from the  sc a lp  and su b jacen t c o rtex  in  man. C o rtic a l e le c tro d e s , located  
on the  arachnoid  m ater o v e rly in g  the  s t r i a t e  a re a  and r o s t r a l  tem poral 
c o rte x  were im planted in  two p a t ie n ts  fo r  th e ra p e u tic  reaso n s . Scalp
e le c tro d e s  were p laced  a t  analogous s i t e s  (determ ined r ^ i o g r a p h i c a l l y ) . 
An e a r ly  p o s i t iv e  component, evoked by f la s h  a t  1 /s e c , occurred in  both 
o c c ip i ta l  s c a lp  and depth  reco rd in g s  but th e re  were marked d if fe re n c e s  
between the  o c c ip i ta l  s c a lp  and the  o c c ip i ta l  co rtex  fo r  components
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between 100 and 300 msec. The s t r i a t e  a re a  showed a  w ell defined  t r i -
—p h asic  -response w hile—only  a long d u ra tio n  p o s i t iv e  wave appeared a t  the  
s c a lp . Yet re co rd in g s  from th e  tem poral c o rtex  and the  sc a lp  were s im ila r  
th roughout th e  f i r s t  400 msec. The au th o rs  suggest th a t  th e  l a t e r  
canponents recorded  f r a n  the o c c ip i ta l  s c a lp  may th e re fo re  o r ig in a te  
p r im a rily  in  the  tem poral c o rte x , a  th eo ry  not u n lik e  th a t  put forward by 
C o rle tto  e t  a l  (1967) form ulated  from the  V .E .P . f in d in g s  b e fo re  and 
a f t e r  o c c ip i ta l  a b la t io n ,  d e sc rib ed  e a r l i e r .
S tu d ie s  o f sim ultaneous human su rfa c e  and c o r t ic a l  re c o rd in g s , u sing  
v is u a l  s t im u li  o th e r  than  f la s h e s ,  a re  r a r e .  B rind ley  e t  a l .  (1978) i s  
th e  only  re p o r t to  d a te  o f s im u ltaneously  ob tained  sc a lp  and depth  
reco rd in g s  to  p a t te rn  re v e rs a l  in  man. Responses from e le c tro d e s  
im planted in  th e  l a t e r a l  lobes o f th e  cerebellum  were o f s im ila r  form and 
la ten cy  to  those  recorded  w ith  r ig h t  and l e f t  o c c ip i ta l  sc a lp  e le c tro d e s .  
( I t  was concluded th a t  c e r e b e l la r  V .E .P .s  occur by volume conduction  o f 
th e  c e re b ra l response through th e  ten to riu m ). A search  fo r  the neura l 
g e n e ra to r  o r  g e n e ra to rs  o f the  s c a lp  P300, in  response to  more complex 
v is u a l  s t im u li ,  has been c a r r ie d  out by McCarthy and Wood (1985), in  
p a t ie n ts  ta k in g  p a r t  in  an e p ilep sy  su i^eby programme. R ecordings were 
made frcxn fo u r im plan ted , m u ltic o n ta c t depth  probes ( p o s te r io r  tem poral, 
m id -tem poral, f r o n ta l  and motor c o rte x )  a llow ing  s ix ty - fo u r  s im ultaneous 
E .P . ch an n e ls . E lec tro d e  p o s it io n s  were estim ated  from X -rays taken  
during  s te r e o ta x ic  su rg e ry . The p a t ie n ts  undertook a ta r g e t  d e te c tio n  
ta sk  in  which th e  l e t t e r s  XXXX and 0000 were viewed but on ly  th e  l a t t e r  
a tten d ed  to . Two d i s t i n c t  E .P . p a t te rn s  were id e n t i f i e d ,  one in  the 
m edial tem poral lobe and th e  o th e r  a t  lo c a t io n s  throughout th e  f ro n ta l  
lo b e . The medial tem poral waveform covaried  w ith  P300 a lthough  i t  d id  not 
f a i t h f u l ly  reproduce the  waveform a t  th e  s c a lp . Because the  p a t te rn s
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overlapped in  tim e w ith  each o th e r  McCarthy and Wood conclude_that_scaLp-
P300 i s  l ik e ly  to  be a  com posite of m u ltip le  g e n e ra to rs .
Although th e se  s tu d ie s  have produced some c o n f l ic t in g  r e s u l t s  th e re  
i s  a  measure o f agreem ent and a  to p c^rap h ic  r e la t io n s h ip  between sc a lp  
recorded  a c t i v i ty  and c o r t i c a l  anatomy has been dem onstrated . The 
consensus appears  to  be th a t  e a r ly  components of the  v is u a l evoked 
response  c e r ta in ly  r e f l e c t  a c t i v i ty  f ra n  th e  sensory s p e c if ic  co rtex  
( i . e .  o c c ip i t a l )  and th a t  th e se  waves show a s im ila r  waveform w ith  bo th  
dep th  and s c a lp  e le c tro d e s . In c o n tr a s t ,  the  l a t e r  components, w ith  
la te n c ie s  g re a te r  than  120-150 msec a re  not analogous a t  o c c ip i ta l  sc a lp  
and c o rte x  and may th e re fo re  be generated  o u ts id e  t h i s  re g io n . I t  must be 
remembered th a t  th e  above f in d in g s  a re  based la rg e ly  on th e  r e s u l t s  
o b ta in ed  from p a t ie n ts  w ith  n eu ro lo g ica l o r  p s y c h ia tr ic  d iso rd e rs  in  whom 
n eu ra l o rg a n is a tio n  may have been im paired . I t  i s  im portan t th e re fo re  to  
review  V .E .P . s tu d ie s  which use a co n ven ien t, non -invasive  method in  
norm al, i n t a c t  s u b je c ts .  W hilst th e  evoked p o te n tia l  techn ique  can be 
used in  co n ju n ctio n  w ith  s tim u la tio n  o f v is u a l ,  a u d ito ry  o r  som atosensory 
m o d a litie s  as  a lread y  d e sc rib e d , only  those  s tu d ie s  e x c lu s iv e ly  concerned 
w ith  th e  reco rd in g  and a n a ly s is  o f th e  v is u a l evoked response w i l l  now be 
d iscu ssed  in  more d e t a i l .
The Normal S u rface  V .E.P .
The su rfa c e  V .E .P . from normal su b je c ts  has been s tu d ied  
e x te n s iv e ly . The waveform, which i s  d isp lay ed  as a  p lo t  of v o ltag e  
a g a in s t  tim e , u s u a lly  la s t in g  200 to  1000 msec, c o n s is ts  o f v a rio u s  up- 
going and down-going peaks which a re  la b e lle d  accord ing  to  th e i r  apparen t 
p o la r i ty  and la te n c y . (To induce p a r i ty  o f nom enclature, th e re  i s  a 
convention  in  e lec troencephalog raphy  which recommends th a t  when a b lack
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_ le a d - ,_ L .e ,^ r id - l—of—th e -in p u t—am plifier-^— ^b ecanes-e lec tro -negative  w ith
re sp e c t to  the w hite o r  G rid  2 , th e  reco rd in g  pen makes an upward 
d e f le c t io n .  This i s  exp lained  in  more d e ta i l  in  the  Method s e c t io n ) .  
Between d i f f e r e n t  su b je c ts  and d i f f e r e n t  la b o ra to r ie s  co n sid erab le  
v a r ia t io n s  can occur (Jonkman, 1967; Aunon and C an to r, 1977). B efore 
review ing th e  rep o rte d  s tu d ie s  a number o f p o in ts  concerning th ese  
d if fe re n c e s  should  be made c le a r .
F ac to rs  Causing V a ria tio n s  in  th e  E .P . ( i )  R eference E lec tro d e
Some o f the  v a r ia t io n  in  th e  re p o rte d  l i t e r a t u r e  can be a t t r ib u te d  
to  m ethodological problem s, th e  f a c t  th a t  th e  morphology and topography 
o f  th e  V .E .P . a re  a l te re d  by v a rio u s  f a c to r s  in c lu d in g  the  e le c tro d e  
re fe re n c e  p o s i t io n ,  the  e l i c i t i n g  s t im u li  and th e  c o g n itiv e  s t a t e  of the 
s u b je c t .  For example, when looking fo r  sm all d if fe re n c e s  in  am plitude o r  
la te n cy  between responses from r ig h t  and l e f t  hem ispheres, i t  i s  common 
to  s e le c t  a u n ip o la r  e le c tro d e  montage. Each channel reco id s  between one 
" a c tiv e "  e le c tro d e  on the  s c a lp  and one r e la t iv e ly  " in d if f e r e n t"  
e le c tro d e  elsew here. In th eo ry , each channel then  re c o id s  s o le ly  the  
v o lta g e  f lu c tu a t io n s  from a s in g le  e le c tro d e  on the  s c a lp  and any 
asym m etries a re  unambiguous. However, th e re  a re  m ajor p r a c t ic a l  
d i f f i c u l t i e s  w ith  s e le c t io n  o f a  t r u ly  n e u tra l  re fe re n c e , f o r  th e  e a r ,  
nose, chin  and neck in v a r ia b ly  conduct e l e c t r i c a l  a c t iv i ty  from the 
n e a re s t  p a r t  o f the  b ra in  and may be contam inated by a v a r ie ty  of non­
c e re b ra l p o te n t ia ls  (m uscle a c t i v i ty  and e le c tro -o c u lo g ra p h ic  p o te n t ia l s ,  
p a r t i c u la r ly  b lin k s )  which w il l  then  be recorded  on a l l  d ia n n e ls . P lac in g  
th e  re fe re n ce  away from the  head and neck im m ediately in tro d u ces  th e  
e lec tro -ca rd io g ram , th e  am plitude o f which may be sev e ra l tim es t h a t  o f
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th e  E.E.G. P a r t i c u la r ly  im portan t in  experim ents in v e s t ig a tin g  hem isphere
asym m etries i s  th e  cho ice  of a  sym m etrical re fe re n ce  s i t e .  A u n i la te r a l  
e a r  lobe , f o r  example, may i t s e l f  be a f fe c te d  by j u s t  those  experim ental 
m an ipu la tions in tended  to  induce l a t e r a l i t y  e f f e c t s .  The most a p p ro p r ia te  
s i t e  fo r  V .E .P . s tu d ie s  o f l a t e r a l i t y  would appear to  be an " a c tiv e "  
m id lin e  ( i . e .  sym m etrical) re fe re n c e  to  which a l l  o th e r  s c a lp  e le c tro d e s  
a re  r e f e r r e d ,  p rov id ing  the  d i s t r ib u t io n  o f th e  evoked p o te n tia l  under 
in v e s t ig a tio n  and the  p o s s ib i l i ty  o f any e le c tro -o c u lo g ra p h ic  a r t e f a c t  
a re  taken  in to  c o n s id e ra tio n .
( i i )  S tim ulus F a c to rs .
F a c to rs  r e la t in g  to  the  e l i c i t i n g  s tim u li  can a ls o  in flu en c e  the  
r e s u l t in g  V .E .P . Each o f th e  two g en era l types o f v is u a l s t im u li irost 
o f te n  used, unpatte rned  f la sh in g  l ig h t  and p a tte rn ed  s t im u l i ,  produce 
d i f f e r in g  r e s u l t s  (Spehlmann, 1965). Two m ajor v a r ia b le s ,  in te n s i ty  
(Tepas e t  a l ,  1974) and r a te  o f f l i c k e r  (Regan, 1972) a f f e c t  the 
u n p atte rned  f la s h  V .E .P . As in te n s i ty  d ec rea se s  th e  peak la te n c ie s  of 
th e  in d iv id u a l ccmponents become longer and th e  am plitude i s  a tte n u a te d . 
In c reas in g  the  r a te  o f f la s h  produces s tead y  s t a t e  V .E .P .s , the  peaks 
o ccu rrin g  as a fu n c tio n  o f the  f l i c k e r  r a t e  (C iganek, 1961).
( i i i )  The C ogn itive  S ta te  o f the  S u b je c t.
The a t te n t io n a l  s t a t e  o f the  su b je c t can a ls o  s ig n i f ic a n t ly  a l t e r  
th e  am plitude o f th e  la t e  V .E .P . ccmponents. Courchesne e t  a l  (1975) 
found in freq u e n t ta r g e t  s l id e s  (which were ta s k - re le v a n t)  evoked a much 
la rg e r  l a te  p o s i t iv i ty  than  d id  f re q u e n t, b u t i r r e le v a n t  s t im u l i .  G alin  
and E l l i s  (1975) and Papanicolaou  (1980) s im i la r ly  c laim  th a t  the 
am plitude and symmetry of the  e a r l i e r  ccmponents a re  a ffe c te d  by 
a t te n t io n  and ta sk  re lev an ce . I t  i s  im portan t th e re fo re  to  b ear in  mind
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th e se  f a c to r s  when comparing s tu d ie s  and a sse ss in g  the  reasons fo r  
^reported asym m etries.
V»E.P. S tu d ies  invo lv ing  Simple S tim u li.
Human V .E .P . s tu d ie s  can , in  g e n e ra l, be d iv id ed  in to  two k inds; 
th o se  th a t  employ sim ple s t im u li  and those  in  which th e  s tim u la tio n  i s  
more complex. The f i r s t  type ( in v o lv in g , fo r  exam ple, f la s h  and p a tte rn  
r e v e rs a l)  u s u a lly  in v e s t ig a te s  th e  e a r ly  components ( l e s s  than  150 msec) 
which a re  r e la te d  to  fa c to r s  concern ing  th e  p h y s ica l p ro p e r t ie s  of the 
s tim u lu s . Hie l a t e r  p a r t  o f the  waveform (200 — 400 msec) i s  r e la t iv e ly  
m odality  n o n -sp e c if ic  but s tro n g ly  in flu en ced  by th e  c o g n itiv e  p ro cesses  
o f th e  s u b je c t and i s  th e re fo re  u su a lly  in v e s t ig a te d  w ith  more e la b o ra te  
s t im u li .  S tu d ies  employing sim ple s t im u li  w i l l  be reviewed f i r s t  follow ed 
by those  in v o lv in g  complex s tim u la t io n , which a re  more p e r t in e n t  to  the  
p re se n t s tu d y .
The F lash  Evoked P o te n t ia l .
Cobb and Dawson (1960) were th e  f i r s t  to  apply  an averag ing  
techn ique  to  th e  exam ination o f v is u a l ly  evoked p o te n t ia l s .  In response 
to  f la s h  s t im u li  (1 every  2 sec s )  th ey  re p o rte d  a  waveform c o n s is tin g  
b a s ic a l ly  o f fo u r ccmponents, a sm all p o s i t iv e  and a sm all n eg a tiv e  wave 
w ith  peak la te n c ie s  o f 20—25 and 40-50 msec, follow ed by la rg e r  p o s i t iv e  
and n eg a tiv e  waves w ith  la te n c ie s  o f 55-65 and 90-100 msec re s p e c tiv e ly . 
A fte r  th i s  sequence, "a s e r ie s  o f waves w ith  a p e rio d  o f about 100 msec 
occurred  . . .  but the  reco rd ing  methods a v a ila b le  were not convenient fo r  
s tu d y in g  th i s  l a t e r  p a r t  o f the  re sp o n se" . They noted th a t  am plitudes 
d im inished  and la te n c ie s  in c reased  w ith  d ecreasin g  b r ig h tn e s s  of the  
f l a s h .  Subsequent in v e s t ig a to r s  have, in  g e n e ra l, confirm ed th ese  
o b se rv a tio n s  though v a r ia t io n s  in  d e t a i l  o ccu r. Cigandc (1969), in  a
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study  o f twenty s u b je c ts  s tim u la ted  w ith  t h e i r  eyes c losed  a t  a  raixlom 
f la s h  r a te  rang ing  from one every 3 to  6 seconds, d e sc rib e s  seven 
components o c cu rrin g  w ith in  the  0-300 msec a n a ly s is  tim e . The group mean 
la te n cy  o f th e  wave w ith  maximum am plitude (wave IV ), recorded b ip o la r ly  
between Oz and Pz, was 110 msec (SD 10 .9 8 ). Peak la te n c ie s  fo r  components 
l a t e r  than  160 msec were not p rov ided . Richey e t  a l .  (1971), d e sc rib in g  
th e  r e s u l t s  from f i f t y  s u b je c ts  serv in g  as norm ative d a ta  in  a c l in ic a l  
t r i a l ,  r e p o r t  f iv e  waves w ith in  th e i r  0-250 msec averaging  p e rio d . 
S u b jec ts  were s tim u la te d  w ith  both eyes open, a t  a  random f la s h  r a te  of 
one every 4 to  6 seconds and e le c tro d e  p o s it io n s  included f r o n ta l ,  
c e n t r a l ,  tem poral and o c c ip i ta l  a re a s , a l l  re fe r re d  to  jo in ed  e a r s .  The 
main p o s i t iv e  component had a group mean la te n cy  o f 118 msec. L a tencies  
o f components o c cu rrin g  a f t e r  150 msec were again  not g iv en . The r e s u l t s  
o f Harding (1982) a r e  very  s im ila r  but in c lu d e  la te n c ie s  from d if f e r in g  
age groups. The mean la te n cy  o f th e  m ajor p o s i t iv e  d e f le c t io n ,  recorded 
from Oz to  Pz, fo r  s u b je c ts  aged 18 to  30 y ears  was 110.6 msec (SD 11 .9) 
and fo r  those  between 65 and 75 y e a rs , 117.2 msec (SD 1 0 .7 ) . Also 
d e sc rib ed  i s  a  subsequent p o s i t iv i ty ,  "P3", inc luded  w ith in  th e  250 msec 
averag ing  p e rio d  w ith  a mean la ten cy  o f 200.8 msec (SD 2 3 .7 ) and 213.9 
msec (SD 26 .2 ) f o r  th e  young and o ld  age groups re s p e c tiv e ly .
The symmetry o f th e se  components has been ev a lu a ted  by Kooi e t  a l .  
(1965) in  a  group composed o f 80 normal a d u lts  a c tin g  a s  c o n tro ls  fo r  a 
s tudy  in v e s t ig a t in g  th e  V .E.P. in  p a t ie n ts  w ith  f i e ld  d e fe c ts .  F lashes 
were given randomly, one every 4 to  6 seconds, and p resen ted  w ith  the  
eyes open. E lec tro d e  d e r iv a tio n s  inc luded  r ig h t  and l e f t  f r o n ta l ,  
o c c ip i t a l ,  p a r i e t a l ,  p o s te rio r^ tem p o ra l and c e n tr a l  a re a s  re fe rre d  to  
jo in e d  e a r s .  Hie a n a ly s is  tim e la s te d  from 0—250 msec. Five c o n s is te n t
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waves were reco rded , in c lu d in g  a  la rg e  p o s i t iv e  d e f le c t io n  o c cu rrin g  w ith  
a-mean—la ten cy -o f—1-18-mseci— m axim um -occipitaH yi— Amplitude— asym m etries' 
occurred  fo r  a l l  ccmponents but were v a r ia b le ,  w ith  waves being sm a lle r 
on e i th e r  th e  r ig h t  o r  l e f t  s id e .  No o v e ra ll  s ig n i f ic a n t  hem isphere 
p re fe ren ce  was found. However, Lewis e t  a l .  (1970) have re p o rte d  the 
-flash  evoked response to  be la rg e r  over th e  r ig h t  c e n tr a l  a re a  than  the 
l e f t  in  3 ou t o f  9 normal c o n tro ls .  There were no s ig n i f ic a n t  asym m etries 
in  o c c ip i ta l  re g io n s . Hie d if fe re n c e  could be a t t r ib u te d  to  a  la rg e  
n eg a tiv e  wave peaking a t  approxim ately  125 msec which appeared w ith  a 
mean am plitude o f 17.5  uV on the  r ig h t  and 11.9 uV on the  l e f t .  The sm all 
number o f  s u b je c ts  precluded  s t a t i s t i c a l  a n a ly s is .
In  a  s tudy  o f  the  v a r i a b i l i t y  o f th e  f la s h  response a s  a fu n c tio n  
o f s c a lp  a re a , tim e and s u b je c t ,  Werre and Shiith (1964) found 
co n s id e rab le  d if fe re n c e s  between s u b je c ts .  Less s a l i e n t  were those 
between a re a s  o f th e  head and in  an in d iv id u a l s tu d ied  r ^ e a t e d l y .  
S im ila r ly , Bourne e t  a l .  (1971) re p o rte d  th a t  the  r e p e a ta b i l i ty  o f the 
f la s h  V .E.P. (from  the  same lo c a tio n  and under the  same s tim u lu s  
c o n d itio n s )  was e x c e l le n t .
In  summary, th e se  s tu d ie s  show th a t- the  V .E.P . to  b in o c u la r  f la s h  
i s  v a r ia b le ,  more so between than  w ith in  s u b je c ts .  The component of 
maximum am plitude (w ith in  the f i r s t  150 msec o f the  waveform) occurs 
between 110 and 118 msec, s l ig h t ly  in c re a s in g  in  la te n cy  w ith  ag e . (T h is  
component has been termed PlOO in  more re c en t nom enclature due to  i t s  
p o la r i ty  and la te n cy  and w il l  subsequen tly  be re fe r re d  to  as  su ch ). I t  i s  
re co rd ab le  from o c c ip i ta l  e le c tro d e s  and th e re  have been no re p o r ts  o f a 
marked asymmetry in  th i s  reg io n . A l a t e r  p o s i t iv e  wave has a ls o  been 
d esc rib ed  w ith  a  peak la ten cy  o f approx im ately  200 msec. W hilst most o f 
th e  above s tu d ie s  have recorded over the  o c c ip i ta l  reg io n  (o f te n  o n ly
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from t h i s  a r e a ) ,  more to p o g rap h ica l in v e s t ig a t io n  o f f la s h  V .E.P . w ith
sim ultaneous reco rd in g  from v a rio u s  s c a lp  reg io n s  should be perform ed, in  
o rd e r  to  r e l a t e  th e  components w ith  p a r t i c u la r  a re as  o f c e re b ra l c o r te x , 
s in c e  s u rp r is in g ly  few d a ta  a re  a v a ila b le .
The V .E.P. to  F lashed  P a tte rn  S tim u li.
Sim ple s t im u li  may a ls o  inc lu d e  a f la s h in g  p a tte rn  which i s  u su a lly  
produced by i l lu m in a tin g  a  tran sp aren cy  o f b lack  and % hite checks using  a 
p h o to s tim u la to r . With p a tte rn ed  s tim u li  th e  response may be a l te re d  by 
th e  s iz e  o f th e  check o r  s t r i p e  (P ark er and S a lzen , 1977) and by the 
lo c a tio n  o f s t im u li  on th e  r e t in a  (A ndreassi e t  a l . ,  1975). Maximum 
am plitude i s  found w ith  s tim u la tio n  o f the  c e n tr a l  th re e  degrees of the  
r e t in a ;  o u ts id e  t h i s  a re a  i t  i s  g re a tly  reduced (H a rte r , 1970). In a 
com parison o f th e  responses to  unpa tte rned  w hite  l ig h t  f la sh e s  and 
p a tte rn e d  f la s h  ( tr a n s lu c e n t  checkerboard p a t te r n ) ,  A lliso n  e t  a l .  (1977) 
po in ted  ou t th a t  a n a ly s is  o f components in  the  la ten cy  range of 80-140 
msec was d i f f i c u l t  due to  w ith in  and between su b jec t v a r i a b i l i t y .  
However, they  re p o r t  th e  components and topography to  be s im ila r  fo r  both  
ty p es  o f  f l a s h .  S tim u la tin g  the  r ig h t  eye on ly , a t  a  r a te  o f 1 f la s h  
every  4 seconds, they  d e sc r ib e  n ine  a l te r n a t in g  n e g a tiv e /p o s i t iv e  waves 
between 85 and 300 msec, but because they  have adopted the  unusual 
convention  o f d isp la y in g  p o s i t iv i ty  as  upwards a t  th e  a c t iv e  e le c tro d e , 
i t  i s  d i f f i c u l t  to  decide  which wave, P95 o r  P I30 co rresponds to  
conven tional "PlOO". In c o n tr a s t ,  Spehlmann (1965) found d i s s im i l a r i t i e s  
between th e se  two typ>es o f s t im u la tio n . Recording from the  in io n  re fe r re d  
to  th e  i p s i l a t e r a l  e a r ,  th e  main p o s i t iv e  component to  unpa tte rned  f la s h  
occurred  w ith  a  la te n cy  o f 80-120 msec, whereas th e  maximum su rfa ce  
p o s i t iv i ty  w ith  p a tte rn e d  f la s h  appeared around 180-250 msec. The
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waveform d is t r ib u t io n s  though were s im i la r ,  w ith  bo th  s e t s  o f responses 
reach in g  th e i r  maximum 3 cms a n te r io r  and l a t e r a l  to  the  in io n , becoming 
inconspicuous a t  d is ta n c e s  o f 5 cms.
The P a tte rn  R eversa l V .E.P.
I t  has been po in ted  out by Regan (1972) and S p e k re ijse  e t  a l .  (1973) 
th a t  a  fla sh ed  p a tte rn ed  s tim u lu s  c o n ta in s  two param eters v^ich  change 
sim u ltaneously  so th a t  th e re  i s  an ab rup t in c re a se  in  b r ig h tn e s s  as  w ell 
a s  th e  p re se n ta tio n  o f  the  p a t te r n .  There i s  a lso  an in te r a c t io n  between 
b r ig h tn e s s  and p a t te rn  change which produces a  p a t te rn  V .E .P . 
contam inated by luminance changes. To avoid th i s  com plication  a p a t te rn  
w ith  a  c o n s tan t average luminance can be p resen ted  by p a t te rn  r e v e r s a l . 
Checks a re  v is ib le  a l l  th e  tim e but in  o rd e r  to  m ain ta in  a  co n stan t 
luminance le v e l one h a lf  o f th e  checks in c re a se  in  luminance w h ils t  the 
o th e r  h a l f  d e c rea se s . This i s  u s u a lly  accom plished by a ro ta t in g  m ir ro r  
which causes the  checks to  move through a  d is ta n c e  equal to  one check 
s iz e  (H a llid ay , McDonald and Mushin, 1972).
S ince the  f i r s t  dem onstration  o f th e  e f f ic a c y  o f t h i s  method, i t  
has been ap p lied  to  many d i f f e r e n t  c l i n i c a l  problem s. The fo llow ing  
d e s c r ip t io n s  o f th e  p a t te rn  re v e rsa l  V .E .P . a re  taken  from c o n tro l cfeta 
provided  by such c l i n i c a l  s tu d ie s .  Each one d e sc r ib e s  the  r e s u l t s  to  
monocular s tim u la tio n  a t  a  re v e rsa l  r a te  o f once every 600-800 msec. 
H a lliday  and Michael (1970), producing p a tte rn  re v e rsa l  w ith  an 
a l te r n a t in g  s h u t te r  tech n iq u e , re p o r t  a  prom inent p o s i t iv e  wave w ith  a 
mean peak la te n cy  o f  100 msec. In a  subsequent s tudy  using  a ro ta t in g  
m ir ro r , H a llid ay , McDonald and Mushin (1972) recorded an id e n t ic a l  
p o s i t iv e  peak w ith  a  group mean la te n cy  and am plitude o f 120.1 msec (SD 
4 .0 )  and 7.74 uV (SD 3 .3 )  re s p e c tiv e ly . Ihe  in c reased  la ten cy  observed in
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th e  l a t t e r  in v e s t ig a t io n  was due to  th e  sm all but co n stan t de lay  
in tro d u ced  by tl% s l ig h t ly  slow er s tim u lu s  a sso c ia te d  w ith  p a tte rn  
movement compared w ith  th e  a l te r n a t in g  s h u t te r  techn ique. (With an 
improved m irro r  system , H a llid ay , McDonald and Mushin (1973), g ive the  
mean la te n cy  o f th e  f i r s t  p o s i t iv e  component as  103.8 msec). L a te r
compx)nents were not d esc rib ed  in  d e ta i l  but i t  i s  ev id en t from th e i r  
f ig u r e ,  i l l u s t r a t i n g  a ty p ic a l  response in  a h ea lth y  s u b je c t , th a t  a  
subsequent s in g le  p o s i t iv e  component occurs between 200 and 300 msec. 
Asselman e t  a l .  (1975), in  a  s e r ie s  o f 37 h ea lth y  c o n tro ls ,  g ive  the  
mean la te n cy  and am plitude o f t h e i r  f i r s t  p o s i t iv e  d e f le c t io n  fo r
s u b je c ts  aged le s s  than  60 y ea rs  as 90 .5  msec (SD 4 .3 )  and 9 .2  uV (SD
4 .8 ) .  Over the  age o f 60 y ears  th e  mean la te n cy  was s ig n i f ic a n t ly  longer 
a t  97 .2  msec. They noted th a t  th e i r  main peak occurred co n sid e rab ly  
e a r l i e r  than  th a t  d esc rib ed  by H a llid ay , McDonald and Mushin (1973), due 
to  th e  speed o f th e  m irro r movanent. P re lim in ary  experim en ts, undertaken  
to  f in d  the  optimum e le c tro d e  placem ent, in d ic a te d  the maximum response 
to  occur 5 to  10 cms above th e  in io n . According to  Shahrokhi e t  a l .  
(1978), from evidence based on s ix  autopsy o b se rv a tio n s , t h i s  lo c a t io n  o f 
th e  o c c ip i ta l  e le c tro d e  corresponds roughly  to  th e  m id -po rtion  of the
c a lc a r in e  f i s s u r e .  H enneric i e t  a l .  (1977), reco rd in g  from an e le c tro d e  6 
cms above th e  in io n  re fe r re d  to  linked  e a r s ,  re p o r t a mean la ten cy  of 
102.5 msec (SD 2 .9 )  f o r  th e i r  f i r s t  p o s i t iv i ty .  This la te n cy  was un­
a f fe c te d  by age up to  65 y e a rs . W hilst th e  p o s t-s tim u lu s  a n a ly s is  tim e 
la s te d  450 msec, th e  la te n cy  and am plitude o f the  subsequent waveform was 
no t co n sid e red . Zeese (1977) and Shahrokhi e t  a l .  (1978) p rov ide  s im ila r  
r e s u l t s ,  t h e i r  mean la te n c ie s  fo r  PlOO being 103 msec and 102.3 msec 
re s p e c t iv e ly .  Again, no mention was made o f l a t e r  ccmponents in  e i th e r
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p ap er, bu t from th e  i l l u s t r a t i o n s  i t  i s  ev id en t th a t  a  s in g le  p o s i t iv e  
-peak—between—2G0-ard—300-msec—fallows-PlOO.--------------------------------------------------
Top: from Zeese e t  a l .  (1977) Bottom: from Shahrokhi e t  a l .  (1978)
 I____
500 ms100 200 300 400
Fig  2 :1
In  th e  Department o f C lin ic a l  Neurology a t  th e  R a d c lif fe  In firm ary  
d u ring  1982, a  group o f 20 normal v o lu n te e rs , p a r t ic ip a t in g  as c o n tro ls  
fo r  c l i n i c a l  re s e a rc h , rece iv ed  monocular p a tte rn  re v e rsa l s t im u la tio n  a t  
2 /s e c . This experim ent involved e x a c tly  the  same equipment as  t h a t  used 
in  th e  p re sen t t h e s i s .  The group mean PlOO la te n cy  and am plitude were 
98 .9  msec (SD 5 .1 4 ) and 12.0 uV (SD 5 .6 )  re s p e c tiv e ly .
46
The lo c a tio n  o f  th e  source o f PlOO to  p a t te rn  re v e rsa l has been
j^p lo _red _b y_J_effreys_an d _A xT o rd -(a972)-a n d -H a l-li^ a y -a n d -M ic h a e l--(-1970)^
J e f f r e y s  and A xford, u sing  a  d ip o le  model based on the  known re t in o to p ic  
o rg a n is a tio n  o f th e  s t r i a t e  c o rte x  to  ex p la in  component d is t r ib u t io n s ,  
su g g est th a t  PlOO i s  produced in  e x t r a s t r i a t e  c o r te x . Evidence comes from 
p o la r i ty  re v e rs a l  o f t h i s  component a c ro ss  th e  mid l in e  w ith  upper and 
low er, bu t not w ith  r ig h t  and l e f t  h a l f - f i e l d  s t im u la t io n . % .llid ay  and 
M ichael (1970) reached the  same conclusion  fo r  the  o r ig in  o f PlOO, though 
th e i r  reasons fo r  doing so a re  not s t r i c t l y  comparable to  th a t  of 
J e f f re y s  and A xford.
P a t ie n ts  w ith  s p e c i f ic  le s io n s  o f th e  v is u a l c o rtex  provide fu r th e r  
in s ig h t  in to  the  p o s s ib le  g e n e ra to r sources o f PlOO. Bodis-W ollner e t  a l .  
(1977) found stead y  s t a t e  p a t te rn  evoked p o te n t ia l s  p re sen t in  a  p a tie n t  
who had b i l a t e r a l  d e s tru c t io n  in  c o r t i c a l  a s s o c ia t io n  a re as  18 and 19 but 
p re se rv a tio n  in  prim ary a re a  17. C onversely, C e le s ia  e t  a l .  (1980) found 
e s s e n t ia l ly  normal t r a n s ie n t  p a t te rn  E .P .s  in  a  p a t ie n t  w ith  b i l a t e r a l  
p re se rv a tio n  o f a re a s  18 and 19 but d e s tru c tio n  of a re a  17. More 
re c e n tly , C e le s ia  (1985), u sing  combined CT scan  and PET neuro-im aging 
tech n iq u es  in  a  p a t ie n t  w ith  c o r t i c a l  b lin d n e ss , has concluded th a t  sm all 
reg io n s  o f both  a re a s  17 and 18 a re  req u ired  fo r  th e  p re se rv a tio n  of the  
e a r ly  p a t te rn  evoked response .
In a  comparison o f the  V .E .P . to  f la s h  and p a tte rn  re v e r s a l ,  
A lliso n  e t  a l .  (1977) re p o r t  the  response w ith  p a t te rn  re v e rsa l to  be 
s im p le r in  waveform, c o n s is tin g  in  the  o c c ip i ta l  reg ion  o f a 
n e g a t iv e /p o s i t iv e /n e g a t iv e /p o s i t iv e  sequence w ith  la te n c ie s  o f 80, 100,
130 and 200 msec re s p e c tiv e ly . They regarded the  r e la t io n s h ip  of th ese  
components and those  recorded to  f la s h  a s  u n c e r ta in  and th e re fo re  d id  
no t g e n e ra lis e  the  f la s h  V .E.P. topography to  th a t  o f p a t te rn  r e v e r s a l .
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Hughes e t  a l .  (1982), comparing the  same two types o f s t i m u l a t i o n , 
d e sc rib e  s im ila r  waveforms; th e  la te n c ie s  o f th e  two m ajor p o s i t iv e  peaks 
o c cu rrin g  a t  approx im ately  100 and 200 msec. To p a t te rn  r e v e r s a l ,  peaks 
showed s ig n i f ic a n t ly  sm a lle r s tan d ard  d e v ia tio n s  and lower am p litudes, 
w ith  an e a r l i e r  la te n cy  o f PlOO.
In g e n e ra l , th e se  s tu d ie s  show th a t  th e  p re s e n ta tio n  of p a t te rn  
re v e rs a l  evokes a  V .E.P. which d i f f e r s  s l ig h t ly  from th a t  ob ta ined  w ith  
homologous l ig h t  s t im u la tio n . The f i r s t  main p o s i t iv e  peak, PlOO, occurs 
w ith  an e a r l i e r  la ten cy  o f  90 to  104 msec, w ith  le s s  s c a t t e r  %hich i s  
r e f le c te d  by th e  sm a lle r s tandard  d e v ia t io n s . I t  i s  re c o rd ab le , l ik e  th e  
response to  f la s h ,  w ith  maximum am plitude over the  o c c ip i ta l  re g io n , 5 
to  10 cms above th e  in io n ; th e  e x t r a s t r i a t e  co rte x  having been proposed 
fo r  i t s  s i t e  o f o r ig in .  W hilst the  l a t e r  p a r t  o f th e  p a t te rn  re v e rs a l  
V .E .P . waveform has ra re ly  been d e sc r ib e d , a  subsequent p o s i t iv e  
compxDnent between 200 and 300 msec app>ears in  th e  i l l u s t r a t i o n s  o f some 
s tu d ie s .
In conclusion  o f t h i s  s e c t io n , i t  i s  ev id en t th a t  sim ple s t im u l i ,  
such as  f la s h  and p a t te rn  r e v e r s a l ,  p re sen ted  to  s u b je c ts  in  whcxn no ta sk  
i s  re q u ire d , evoke a  la rg e  PlOO wave and a  subsequent p o s i t iv i ty  which 
o ccu rs  between 200 and 300 msec.
V .E.P^ S tu d ie s  Invo lv ing  Complex S tim u li.
Although t h i s  l a te  p o s i t iv e  p o te n t ia l  of the  human evoked 
p o te n t ia l ,  th e  P3 o r  P300 wave, has been e x te n s iv e ly  in v e s t ig a te d  in  the  
a u d ito ry  m o d a lity , i t  has been le s s  o f te n  examined in  response to  v isu a l 
s t im u l i .  Numerous re se a rc h e rs  have suggested  th a t  the  l a te  P300 a u d ito ry  
component r e f l e c t s  c o g n itiv e  e v en ts . I t  i s  la rg e , fo r  example, in  
response  to  ta r g e t  d e tec te d  tones and sm all o r  n o n -e x is te n t i f  s u b je c ts
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a re  not a t te n d in g . But P300 can a ls o  be evoked by a  s tim u lu s  th a t  occurs
in fre q u e n tly  y e t re q u ire s  no response ( R i t t e r  e t  a l ,  1968). Obtained 
under th e se  c o n d itio n s , t h i s  component has been v a rio u s ly  c o rre la te d  
w ith  c o g n itiv e  a c ts  such a s  o r ie n ta t io n ,  ta s k - re le v a n t  s u rp r is e ,  
in fo rm ation  a c q u is i t io n  and u n c e r ta in ty  re d u c tio n . S u tton  e t  a l .  (1965) 
in co rp o ra ted  both  v is u a l and a u d ito ry  s tim u la tio n  in  a  study  designed to  
t e s t  th e  e f f e c t s  o f u n c e r ta in ty  on the  la te  E .P . ccmponents. Recording 
from a  s in g le  channel (n ea r th e  v e rtex  re fe rre d  to  jo in ed  e a r lo b e s ) , they 
d e te c te d  a  la rg e  p o s i t iv e  d e f le c t io n  a t  300 msec, th e  am plitude o f which 
was la rg e r  fo r  u n c e r ta in  than  fo r  p re d ic ta b le  l ig h t  f la s h e s .  Using more 
complex s t im u l i ,  Courchesne e t  a l .  (1975) have examined the  l a te  V .E .P . 
components d u ring  a  v is u a l d is c r im in a tio n  ta sk . E ighteen a d u lt  s u b je c ts  
were p resen ted  w ith  s l id e s  o f r a r e ,  ta s k - re le v a n t  num erical s t im u li  ( th e  
number 4) amongst non -a tten d  f ig u re  2 ’s ,  and th e i r  responses to  th ese  
were compared w ith  th o se  to  r a r e ,  t a s k - i r r e le v a n t  s t im u l i .  The i r r e le v a n t  
s l id e s  were o f two c la s s e s :  i )  e a s i ly  reco g n isab le  (s im p le , geom etric
shapes) and i i )  com pletely  novel (complex, a b s t r a c t  d raw ings). Recordings 
were made from mid l in e  e le c tro d e s , Fz, Cz and Pz re fe r re d  to  th e  r ig h t  
m asto id . U n fo rtu n a te ly , th e  waveform term inology used i s  unconventional 
w ith  p o s i t iv i ty  in d ic a te d  as an upward d e f le c t io n ,  but i t  seems f e i r l y  
c e r ta in  th a t  t h e i r  "N2" wave (230 to  320 msec) i s  synonymous w ith  the  
u su a l P300. N2 was sm a lle r to  th e  ccmmon s l id e s  ( f ig u re  2 ’s )  than  the 
in fre q u e n t number 4 ’s .  Novel s l id e s  (complex draw ings) evoked a  la rg e r  N2 
wave than  e i th e r  sim ple s t im u li  o r  r a re  ta s k - re le v a n t  number 4 ’s .  
A pparen tly , as  w ith  th e  au d ito ry  E .P ., P300 waves can be e l i c i t e d  by
bo th  ta s k - re le v a n t  v is u a l s t im u li  and by s l id e s  th a t  a re  seem ingly 
i r r e le v a n t  to  any ongoing ta s k .
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Few v is u a l  evoked p o te n t ia l  s tu d ie s  on a d u l ts  have been r ^ o r t e d  
where th e  only  ta sk  involved  i s  to  watch th e  s tim u lu s , and th e re  appears 
to  be no d e s c r ip t io n  o f a  s tudy  s p e c i f ic a l ly  designed to  in v e s t ig a te  the  
evoked response to  fa c e s . In a  s tudy  by Cohen and W alter (1966), s u b je c ts  
viewed m eaningful s l id e s  (geom etric  shapes and nude f ig u r e s ) .  The 
experim ent was designed , however, to  study th e  co n tin g en t n eg a tiv e  
v a r ia t io n  p r io r  to  a  v is u a l s tim u lu s . The paper does though in c lu d e  an 
i l l u s t r a t i o n  o f  a  s u b je c t ’s  responses to  complex p ic tu re s ,  w ithou t a 
c o n d itio n a l s tim u lu s . With th e  s in g le  channel montage (v e rtex -m as to id ) an 
e a r ly  wave a t  approxim ately  100 msec i s  p re sen t followed by a la rg e r  
p o s i t iv i ty  between 250 and 400 msec. In an a ttem pt to  d i f f e r e n t i a t e  
p o s i t iv e ,  n eg a tiv e  and n e u tra l c o g n itiv e  a s s o c ia t io n s ,  L i f s h i tz  (1966) 
p resen ted  male s u b je c ts  w ith  complex s t im u l i ,  s l id e s  c a te g o rise d  as 
fem ale nudes, re p u ls iv e  m edical and in d i f f e r e n t  s c e n ic . An o c c ip i to ­
p a r ie ta l  b ip o la r  lead  showed a f a i r l y  c o n s is te n t  wave between 250 and 400 
msec, w ith  a  mean la te n cy  o f 320 msec, which showed an am plitude 
in c re a se  when s l id e s  were focussed as  opposed to  defocussed . L i f s h i tz  
suggested  th a t  th e  enhancement was r e la te d  to  c o g n itiv e  a sp e c ts , r a th e r  
than to  th e  p h y s ica l p ro p e r t ie s  o f th e  s t im u l i .
At th i s  p o in t i t  should be noted th a t  an in c re a se  in  am plitude of 
th e  evoked p o te n t ia l  does not n e c e s sa r ily  r e f l e c t  an in c re a se  in  b ra in  
fu n c tio n  but i t  i s  a  reasonab le  assum ption based on the  am plitude maximum 
found w ith  d i r e c t  c o r t i c a l  reco rd in g s  which c o r r e la te  w ith  th e  known, 
human c e re b ra l  anatomy in  th e  th re e  m o d a lit ie s , i . e .  v isu a l (H irsch  e t  
a l ,  1961), scm atosensory (K elly  e t  a l ,  1965) and au d ito ry  (C e le s ia  and 
P u l e t t i ,  1969).
In a  sea rch  fo r  an E.P. paradigm th a t  could  be used to  in v e s t ig a te  
a t te n t io n a l  p ro ce sses  in  in fa n ts ,  8huIman-Galambos and Galambos (1978)
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recorded  th e  V .E .P . in  response  to  ccmplex  v is u a l s tim u li m nQ -isting of 
co loured  pho tograph ic  s l id e s  o f scen es, both focussed and defocussed . 
R ecordings were made from s ix te e n  r ig h t  handed a d u lts  aged 18 to  25 
y e a rs , w ith  e le c tro d e s  p laced  over the  r ig h t  and l e f t  c e n tr a l  reg io n s  (C4 
and C3), r e fe r re d  to  lin k ed  e a r lo b e s . No ta sk  was given to  th e  s u b je c ts ,  
they  were m erely re q u ire d  to  watch the  s l id e s .  The evoked response 
c o n s is te d  o f a  ccmplex s e r ie s  of l a t e  waves in c lu d in g  a  p o s i t iv e  
component in  th e  P300 range w ith  a  mean la te n cy  of 366 msec, (SD 25), 
which was la rg e  when th e  s l id e s  were focussed and sm alle r when they  were 
n o t. The P300 am plitude d id  not d e c lin e  w ith  s tim u lu s  r e p e t i t io n  whereas 
th e  am plitude o f an e a r l i e r  component (P2) d id . W hilst no c o n s is te n t 
hem isphere asymmetry was produced th e  au th o rs  s t a t e  th a t  " th e  response 
am plitude a t  one hem is# iere  d id  indeed d i f f e r  sometimes from th a t  a t  the
o th e r ,  th e  r ig h t  u s u a lly  being th e  la r g e r ,  but the  sm all s iz e  o f the
sample p rec lu d es  a  m eaningful s t a t i s t i c a l  s ta tem en t of d i f f e r e n c e ."  They 
concluded from th i s  experim ent th a t  th e  mere p re s e n ta tio n  of ccmplex 
s t im u l i ,  w ith  no requirem ent th a t  s u b je c ts  should o v e r tly  respond, can 
e v id e n tly  evoke a  ccmplex s e r ie s  o f c o r t i c a l  p o te n t ia ls  which a r e  l a b i le  
and th e re fo re  seem to  be c o n tro lle d  more by endogenous than  by exogenous 
(s tim u lu s  r e la te d )  f a c to r s .  Because P300 showed no am plitude d e c lin e  w ith
r e p e t i t io n  and was la rg e s t  when th e  s tim u lu s  was reco g n isab le  ( i . e .  in
focus) th e  a u th o rs  suggested  th a t  t h i s  wave may r e f l e c t  some sensory  o r  
c o g n itiv e  p ro cess  which d i f f e r s  from th a t  c o n tro l l in g  P2. I t  should be 
po in ted  out th a t  th e re  i s  an a l t e r n a t iv e  way of in te rp re t in g  the  
d i f f e r e n t  r e s u l t s  ob ta ined  from focused and defocused s t im u l i .  S lid e s  
which a re  in  focus a re  c le a r ly  more "m eaningful" than  defocused s l id e s  
and am plitude changes may w ell be in te rp re te d  as a sso c ia te d  w ith
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c o g n itiv e  p ro c e ss in g . B u t, on th e  o th e r  hand, # ien  a s l id e  i s  in  focus 
““th e  c o n tra s ^ b o rd e r s  a re  sh arp er and, a s  w ith  p a t te rn  r e v e r s a l ,  i t  is" 
th e se  c o n tra s t  changes upon which th e  evoked p o te n t ia l  i s  dependent. I t  
could  e a s i ly  w ell be arçued th a t  th e  am plitude changes found w ith  focused 
s l id e s  a re  r e la te d  not to  c o g n itiv e  e v e n ts , bu t to  the  p h y sica l 
p ro p e r t ie s  o f th e  s t im u li .
In  th e  above study , the  c o g n itiv e  ev en ts  a sso c ia te d  w ith  the  
g en e ra tio n  o f P300 remained u n c e r ta in  because th e  s u b je c ts  were not a ^ e d  
to  rev ea l t h e i r  re a c tio n s  to  the  s tim u lus they  had experienced . N ev ille  
e t  a l  (1982) have extended th i s  work in  o rd e r to  in v e s t ig a te  w hether 
sy stem a tic  E .P . changes occur as a  fu n c tio n  o f a  s u b je c t 's  p e rc ep tio n  and 
e v a lu a tio n  o f a  s tim u lu s . Nine normal a d u l ts  viewed coloured s l id e s  of 
peop le , p la c e s  and p a in tin g s  a t  i r r e g u la r  in te r v a l s ,  randomly 
in te rs p e r se d  w ith  blank f la s h e s  of l i g h t .  Evoked p o te n t ia ls  were recorded  
from th e  m id lin e  in  f r o n ta l ,  c e n tra l  and p a r i e t a l  a re as  (Fz, Cz and Pz) 
and from r ig h t  and l e f t  p a r ie ta l  s i t e s  (P4 and P3), a l l  r e fe r re d  to  the 
r ig h t  m asto id . Iiim ediately  a f t e r  p re se n ta tio n  o f the  s l id e s  s u b je c ts  were 
asked to  s t a t e  which ones they had recogn ised  and th e  degree o f s u rp r is e  
they  had experienced  a t  the  tim e. Responses were then  seg rega ted  and 
averaged accord ing  to  re c o g n itio n  and s u r p r is e .  The r e s u l t s  showed th a t  
P3 (350 to  500 msec) changed s y s te m a tic a lly  as a  fu n c tio n  o f the  
s u b je c t 's  s u rp r is e  r a t in g s ,  o ccu rrin g  w ith  la rg e r  am plitudes to  h ig h ly  
s u rp r is in g  s l id e s  than  to  those  ra ted  medium and low. This component was 
a ls o  c le a r ly  la rg e r  fo r  s l id e s  th a t  were recogn ised  (p< 0 .0 1 ) . The e f f e c t  
o f  re c o g n itio n  was asym m etrical a t  th e  p a r i e t a l  s i t e s  w ith  th e  P3 wave 
ten d in g  to  be s ig n i f ic a n t ly  la rg e r  fo r  recogn ised  than  fo r  unrecognised 
s l id e s  a t  the  r ig h t  hem isphere e le c tro d e . This experim ent in d ic a te s  th a t  
th e  p ro cess  o f re c o g n itio n  could be a  m ajor de term inan t o f P300
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am plitude . F u r th e r in v e s t ig a t io n  o f t h i s  p o ten ti.a l_ Jiiigh t^herefo re_serve_
to  measure th e  in te g r i ty  o f th e  p e rc ep tu a l and memory system s th a t  under­
l i e  th i s  ccmplex c o g n itiv e  a c t i v i t y .
A ccordingly , th e  p re sen t study a t  f i r s t  attem pted  to  a s c e r ta in  
w hether in  f a c t  a  response could  be evoked by s l id e s  o f fa c e s . Fran the 
evidence provided  by s tu d ie s  using  sim ple v is u a l s t im u li  i t  was expected 
th a t  PlOO would occur in  response to  the  p h y s ica l f a c to r s  of th e  s l id e  
p re s e n ta t io n , ( i . e .  th e  f l a s h ) .  Because faces  a re  ccmplex, i t  was 
p re d ic te d  th a t  P300 would be p re s e n t, in d ic a t iv e  of a  r e la t io n s h ip  
between t h i s  component and th e  p e rcep tio n  and e v a lu a tio n  of th e  
m eaningful p ro p e r t ie s  o f th e  s t im u li .  I t  seemed p ro b ab le , from evidence 
based on le s io n  s tu d ie s ,  th a t  i f  p re se n t, P300 m ight be to p o g ra p h ic a lly  
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Normal c o n tro ls  were unpaid v o lu n te e rs  who had no p a s t  h is to ry  
o f  n eu ro lo g ic a l d is o rd e r  and were not s u f fe r in g  from any known d is e a s e . 
A ll r ig h t  handed c o n tro ls  were f r ie n d s  o r  work co lle ag u es  o f the  
ex p erim en ter. L e ft handed s u b je c ts  proved sca rce  and th e re fo re  no re
d i f f i c u l t  to  o b ta in  ; te n  were f r ie n d s  o r  work acq u a in tan ces  and the  
rem aining tw elve were co n tac ted  through ad v ertisem en ts  p laced  w ith in  the  
R a d c lif fe  In firm ary .
A) R igh t handed s u b je c ts  fo r  Experiment 1.
T h ir ty  r ig h t  handed c o n tro ls ,  15 males and 15 fem ales were
examined. T heir ages ranged from 14 to  60 y ea rs  w ith  a  mean o f 30 .5  
y e a rs . Twenty (12 m ales and 8 fem ales) were r ig h t  eye dominant and te n  (3 
males and 7 fem ales) were l e f t  eye dcxninant. Eye dominance was 
a sc e r ta in e d  by ask ing  c o n tro ls  which eye they used when using  on ly  one, 
( f o r  example, look ing  through a  key h o le).
P r io r  to  re c o rd in g , a  s u b je c t 's  v isu a l a c u ity  (VA) was noted fo r  
each eye s e p a ra te ly . This was measured by read ing  an illu m in a te d  t e s t
c h a r t  (Rayners Simple T est Type, 89) a t  a  d is ta n c e  o f 6 m e tre s , 6 /9  being
th e  accep ted  norm. S p ec tac le  w earers were asked to  b rin g  th e i r  g la s s e s  
w ith  them, a c u ity  was te s te d  both  w ith  and w ithou t sp e c ta c le s  and optim al 
v is io n  was then  used during  an experim ent. A cuity , e i th e r  c o rre c ted  o r 
u n c o rre c ted , was 6 /9  o r  b e t te r  in  a l l  r ig h t  handed c o n tro ls .
B) L e ft handed c o n tro ls  fo r  Experiment 2 .
The i n i t i a l  c r i t e r io n  fo r  l e f t  handers was th a t  they  w rote w ith  the  
l e f t  hand and to  avoid  the  p o s s ib i l i ty  o f the  r e s u l t s  being contam inated
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v o lu n te e rs  who had not changed th e i r  hand p re fe ren ce  woro inc luded  in-
th e  s tu d y . At th e  tim e o f t e s t in g  a  m o d ifica tio n  of the  Edinburgh 
l a t e r a l i t y  Inven tory  (O ld f ie ld  1971) was adm in istered  to  a s s e s s  hand 
p re fe ren ce  in  more d e t a i l ,  see  Appendix A.
Twenty-two l e f t  handed c o n tro ls ,  15 fem ales and 7 n a le s  were 
examined. T heir ages ranged from 14 to  62 y e a rs , w ith a mean o f 32 .9  
y e a rs . F ive (1 male and 4 fem ales) were r ig h t  eye dominant and fo u rteen  
(5 m ales and 9 fem ales) were l e f t  eye dom inant. In 3 dominance was not 
o b ta in ed  due to  e r r o r .  V isu a l a c u ity  was b e t t e r  than 6 /9  in  a l l  s u b je c ts  
excep t one whose l e f t  a c u ity  was 6 /18  c o rre c te d .
C) R ight handed c o n tro ls  fo r  Experim ent 3 .
Twenty normal r ig h t  handed s u b je c ts ,  9 m ales and 11 fem ales, who 
had a l l  p rev io u s ly  p a r t ic ip a te d  in  Experiment 1 were re-exam ined. T heir 
ages ranged from 20 to  53 y e a r s , w ith  a  mean o f 33.4  y e a rs .
D) R ight handed c o n tro ls  fo r  Experim ent 4 .
F if te e n  r ig h t  handed s u b je c ts ,  6 males and 9 fem ales took p a r t .  
T he ir ages ranged from 20 to  53 y e a r s , w ith  a mean o f 35 y e a rs .
E) P a t ie n ts
For Experiment 5 , a  53 y ear o ld  man w ith p rosopagnosia  was 
examined. His v is u a l  a c u ity  was R 6 /6  and L 6 /9 .
Experiment 6 was c a r r ie d  out on twenty fo u r men who had receiv ed  
m is s i le  in ju r ie s  to  the  b ra in  during  the  Second World War. T heir ages 
ranged from 58 to  71 y e a rs , mean age 64 y e a rs . One su b je c t was l e f t  
handed, the  o th e rs  r ig h t  handed. V isual a c u ity  was 6/12 o r  b e t t e r  in  a l l  
excep t th re e .
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^  RECŒIDING:
A. P re p a ra tio n  and p o s it io n  o f S u b je c t.
A b r i e f  e x p lan a tio n  o f th e  e n t i r e  p rocedure was given i n i t i a l l y  to  
each su b je c t to  put them a t  e a se . I t  was e s s e n t ia l  fo r  th e  s u b je c ts  to  be 
re lax ed  because m uscular te n s io n , o f te n  a  0 iy s ic a l  m a n ife s ta tio n  of 
a n x ie ty , in f lu e n c e s  th e  c h a ra c te r  o f th e  E.E.G. Action p o te n t ia l s ,  which 
occur during  m uscular c o n tra c t io n , a r e  high frequency e l e c t r i c a l  
im pulses e a s i ly  recorded  by su rfa c e  e le c tro d e s  ov erly in g  p a ra sp in a l and 
s c a lp  a re a s . They a re  la rg e  am plitude s ig n a ls  which tend to  obscure  the
E.E.G. t r a c e  and contam inate the  averaged evoked p o te n t ia l ,  (F ig  3 :1 ) .  
T h e re fo re , fo llow ing  connection  to  the  a p p a ra tu s , in  o rd e r  to  o b ta in  
u se fu l r e s u l t s  f r e e  o f myogenic a c t i v i t y ,  the  su b je c t s a t  in  a  
co m fo rtab le , se m i-re c lin in g  c h a ir  in  a q u ie t ,  dimly l i t  room and the 
reco rd in g  d id  not begin u n t i l  a  s a t i s f a c to r y  le v e l o f re la x a tio n  had been 
ach iev ed . I f  muscle te n s io n  developed during  an experim ent due to  the 
s u b je c t  being in  a  s t a t i c  p o s i t io n ,  he o r  she was allow ed to  move 
s l i g h t ly  during  a  break in  th e  reco rd in g .
B. E lec tro d es  and E lec tro d e  P lacem ent.
The head was measured and seven e le c tro d e  p o s it io n s  were marked 
w ith  a chinagraph p e n c il acco rd ing  to  th e  10-20 system  (J a s p e r ,  1958). 
T6, P4 and 02 e le c tro d e s  were s i tu a te d  over the  r ig h t  s id e  o f the  head in  
p o s te r io r  tem poral, p a r i e t a l  and o c c ip i ta l  reg io n s  r e s p e c tiv e ly , and T5, 
P3 and 01 were p laced  in  e q u iv a len t p o s it io n s  on the l e f t  s id e .  These s ix  
e le c tro d e s  were re fe r re d  to  a m id -fro n ta l re fe re n ce  e le c tro d e , Fz] see  
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F ig  3:1 Iso g en ic  a c t i v i t y .  A and B show th e  same ch annels; T3, a  mid 
te n p o ra l e le c tro d e  and T5 s i tu a te d  ov er th e  p o s te r io r  to n p o ra l re g io n , 
bo th  r e f e r r e d  to  Fz. In  A th e  s u b je c t has become te n s e , in  B re la x e d . 
C a l ib ra t io n  a s  shown, 16 sweeps averaged .
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Fig  3 :2 . Diagram o f  th e  10-20 system  in c lu d in g  th e  seven 
ro u tin e  e le c tro d e  p o s i t io n s  over r i g h t  (T6, P4 and 02) and 
l e f t  (T5, P3 and 01) p o s te r io r  tem poral, p a r i e t a l  and occ­
i p i t a l  a re a s  and th e  m id -fro n ta l re fe re n c e , Fz.
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each e le c tro d e  w ith  iso p ro p y l a lc o h o l . This procedure  removes g rease and 
desquam ation, reducing  sk in  r e s is ta n c e  and improving tape  adhesion . The 
h a i r  was then  sep a ra ted  and each e le c tro d e  fix ed  in  p o s it io n  w ith  
Blenderm s u rg ic a l  ta p e .
In  th re e  s u b je c ts  ey eb lin k s  and l a t e r a l  eye movements were recorded  
from e le c tro d e s  p laced  re s p e c tiv e ly  above and below and on th e  in n e r  and 
o u te r  can thus o f one eye (F ig  3 :3 ) .  Because th e re  i s  a  steady  p o te n tia l  
d if f e re n c e  in  th e  o rd e r o f 100 mV between th e  aqueous and v itr e o u s  
humours o f th e  eye ( th e  form er being p o s i t iv e  w ith  re sp e c t to  th e  l a t t e r )  
a  movement o f th e  e y eb a ll causes a p o te n t ia l  f i e ld  change th a t  w il l  be 
d e te c te d  by e le c tro d e s  in  i t s  v i c in i ty .  When th e  e y e lid s  b lin k  o r  the 
eyes a re  c lo sed  the  e y eb a ll makes a  momentary ujward d e f le c t io n  and an 
e le c tro d e  on the  forehead becomes e le c t r o p o s i t iv e  w ith  re sp e c t to  one 
b enea th . I f  an a m p lif ie r  i s  connected between them the  reco rd in g  w il l  
show a  la rg e  downward d e f le c t io n  (N e llig a n , 1964). L a te ra l movements of 
th e  eyes w il l  produce p o te n t ia l  changes o f o p p o s ite  p o la r i ty  a t  tb s  
fron to tem poral e le c tro d e s  on each s id e .
Recording e le c tro d e s  were s i l v e r /  s i l v e r  ch lo rid ed  d is c s ,  9 mm in  
d iam e te r. C h lo rid ing  was c a r r ie d  out chem ically , by immersing the  
e le c tro d e s  in  a  s o lu tio n  o f h y p o c h lo rite  (C h lo ro s). This method a lso  
a llow s sim ultaneous e le c tro d e  s t e r i l i z a t i o n ,  (T ay lo r , 1982; Jonkman and 
Ponsen, 1981.) The reason  fo r  c h lo r id in g  s i l v e r  e le c tro d e s  i s  to  ren d e r 
them re v e r s ib le ,  en ab ling  each e le c tro d e  to  p re sen t the  same re s is ta n c e  
to  c u rre n t flow in  both  d ir e c t io n s  i . e .  th e  f lu c tu a tin g  E.E.G . p o te n t ia l s  
and the  steady  p o te n t ia l  th a t  a r i s e s  a t  the  in te r f a c e  between e le c tro d e  
and j e l l y .  A re v e r s ib le  e le c tro d e  has a r e l a t iv e ly  s ta b le  p o te n t ia l  w ith  
re s p e c t to  the  c o n ta c t medium and thus reduces low frequency a r t e f a c t s  





Fig  3 :3 . R ecordings from e le c tro d e s  p laced  (1) above and below 
th e  eye showing th e  e f f e c t  o f  a  b l in k , and (2) a t  th e  o u te r  
and in n e r  can thus i l l u s t r a t i n g  s id e  to  s id e  eye movemnets.
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d is to r t io n  o f the E.E.G. s ig n a l.
Follow ing attachm ent w ith  ta p e , in s e r t in g  N eptic p a s te  under each 
e le c tro d e  and l ig h t ly  s c a r ify in g  th e  s c a lp  w ith  a  b lu n ted , s t e r i l i z e d  
need le  reduced th e  re s is ta n c e  to  below 5K ohms. R esis tan ce  was measured 
f o r  each e le c tro d e  on an S .L .E . m e te r, (model E . I .T . ) .  I t  i s  d e s ira b le  to  
m inim ize e le c tro d e  re s is ta n c e  because i f  i t  ra n a in s  high i t  can lead to  a 
lo s s  o f v o lta g e  between th e  source and th e  reco id in g  ap p a ra tu s , the 
l a t t e r  a ls o  being dependent on the  inpu t r e s is ta n c e  of th e  a m p lif ie r s .  
To reduce e l e c t r i c a l  in te r fe re n c e  an e a r th  e le c tro d e  was placed on the 
w r i s t .  D if f e re n t ia l  p re a m p lif ie r  in p u t s tag e s  a re  re fe r re d  to  an e a r th  
in p u t and a balance  between the  two i s  m ain ta ined . True d i f f e r e n t i a l  
re co rd in g  a llow s r e je c t io n  o f unwanted ccmmon mode s ig n a ls .
At the  end o f a  reco rd in g  s e s s io n , e le c tro d e s  were s in g u la r ly  
d isconnec ted  from th e  p re a m p lif ie rs . The Blenderm tap e  was soaked w ith 
iso p ro p y l a lco h o l to  promote e a s ie r  and le s s  p a in fu l rem oval, the 
e le c tro d e s  then eased o f f  and the  h a ir  cleaned w ith  gauze and combed back 
in to  p o s i t io n .  Dry e le c tro d e  j e l l y  could  be brushed o u t.
stim uli
Seven d i f f e r e n t  types o f s t im u li  were used during  th e  experim ents, 
namely: a  p a t te rn  re v e rsa l  s tim u lu s  and s l id e s  o f the  f o l l o w i n g u p r i g h t  
known fa c e s , u p rig h t unknown fa c e s , in v e rte d  known fa c e s , in v e rted  
unknown fa c e s , geom etric desig n s  and u p rig h t words. A ll th e  s l id e s  were 
copied  from b lack  and w hite o r ig in a l s .  Those o f known faces  c o n s is te d  of 
p ro fe s s io n a lly  taken  photographs, ob tained  by w ritin g  to  the  p re s s . The 
o r ig in a l  unknown feices and the  word s e r ie s  were borrowed from the 
Department o f Neuropsychology, R a d c lif fe  In firm ary . The geom etric  designs 
were taken  from an a r t  gu id e . The o r ig in a ls  were photographed on to
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I l f o r d  FP4 f i lm , u sing  e le c tro n ic  f la s h ,  and developed fo r  f iv e  m inutes 
in  Microphen D eveloper. The p o s i t iv e s  were p rin te d  on to  Kodak 35 nm 
p o s i t iv e  f ilm  and then  mounted in  Gepe 2 X 2  mounts. The s l id e s  were not 
matched fo r  c o n tra s t  due to  the  lengthy jAiotographic p rocess in vo lved .
The c o n d itio n s  in  each experim ent were a l te rn a te d  between s u b je c ts  
to  overcome any o rd e r e f f e c t .  R ight handed s u b je c ts ,  l e f t  handed s u b je c ts  
and p a t ie n ts  viewed them in  th e  fo llow ing  way
E x p t.l  R igh t handed s u b je c ts  S lid e s  o f u p rig h t known faces
S lid e s  of u p rig h t unknown faces  
S lid e s  o f geom etric desig n s  
P a tte rn  re v e rsa l
E xpt.2  L e ft handed s u b je c ts  S lid e s  o f u p rig h t known faces
S lid e s  o f u p rig h t unknown faces  
S lid e s  o f geom etric desig n s  
P a tte rn  re v e rsa l
E xpt.3  R igh t handed s u b je c ts  S lid e s  o f in v e rted  known faces
S lid e s  o f in v e rted  unknown faces
E xpt.4  R ight handed s u b je c ts  S lid e s  o f u p rig h t words
E xpt.5  P a tie n t  R.B. As Experiment 1
E xp t.6  M iss ile  in ju re d  p a t ie n ts  S lid e s  o f u p rig h t known fa c es
S lid e s  of u p rig h t unknown fa c es  
S lid e s  o f goem etric desig n s  
P a tte rn  re v e rsa l 
S lid e s  o f u p rig h t words 
S lid e s  o f in v e rted  known faces
Known fa c es  :
The s t im u li  c o n s is te d  o f 42 b lack  and w hite s l id e s  o f w e ll known 
fa c e s  (members o f th e  Royal Family, p o l i t i c a l  le ad e rs  and c e l e b r i t i e s )  ; a 
few examples a re  shown in  Fig 3 :4  and a f u l l  l i s t  o f names appears in  
Appendix B. (E xact d e t a i l s  o f the  method of s l id e  p re s e n ta tio n  a r e  g iven  
in  the  In s tru m e n ta tio n  s e c t io n ) .
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Unknown fa c e s :
T his s e r ie s  c o n s is te d  o f 64 b lack  and w hite s l id e s  o f faces  of 
manbers o f the  Armed F o rces , a l l  unknown to  the  s u b je c ts .  Examples appear 
in  F ig  3 :5 . They were p resen ted  in  th e  same way as the  known s l i d e s .  
Geometric desig n s  :
The s tim u li  c o n s is te d  o f 64 b lack  and % hite s l id e s  o f complex 
shapes and d esig n s ; they  were p resen ted  in  the  manner d esc rib ed  fo r  
s l id e s  o f fa c e s . Most o f th e  i l l u s t r a t i o n s  were taken  from an a r t  guide 
p ub lished  by Thurston and C a rra h e r, 1966. Examples appear in  Fig 3 :6 . 
Only those  shapes th a t  in  no way resem bled l e t t e r s  were inc luded  to  avoid 
any p o s s ib i l i ty  o f language in te r f e r e n c e .
In v e rted  known and unknown faces  :
These s l id e s  were th e  same s e t s  o f fa ces  p rev io u s ly  u sed . They were 
m erely p laced  upside  down in  the  p ro je c to r  fo r  p re s e n ta t io n .
Words:
This s e r ie s  o f s l id e s  c o n s is te d  o f 41 common words in  everyday u s e , 
such as " c a r" , "hand","  b u t te r f l y " ,  "book" and "shoe", (Appendix C ). Each 
word had been cen tred  j i io to g ra p h ic a lly  ( th e re fo re  appearing  in  th e  c e n tre  
o f the  screen ) and c o n s is te d  of v h ite  l e t t e r s  on an even, b lack  
background. The h e ig h t o f each word subtended an angle o f 2° 36 ' a t  the  
eye. As w ith  the  o th e r  types o f s l i d e s ,  the  words were p resen ted  fo r  2 
seconds a t  random in te r v a ls  and s u b je c ts  were requested  to  f ix a te  
c e n t r a l ly .
P a tte rn  R eversal :
The s tim u lu s  was a b lack  and w hite checkerboard p a t te r n  (F ig 3 :7 )  
back p ro je c ted  on to  a  sc reen  110 cms in  f ro n t o f the  s u b je c t .  The 
p a t te rn  subtended an ang le  o f 22° a t  the  s u b je c t 's  eye, each sq u are
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Fig 3.4. Exaitples of known faces: Hunphrey Bogard, Harold Wilson, 
Charlie Drake, Margaret Thatcher, Mohammed Ali and Twiggy.
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U N KN O WN  F A C E S
Fig 3:5. Examples of unknown faces, all nonbers of the 
Armed Forces.
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G E O M E T R I C  D E S I G N S
Fig 3:6. Examples of the complex geometric design slides,
67
PATTERN REVERSAL
«5% V ---W -!-W
VKSSV**S55S55S55555Ki»
F ig  3 :7  A re p re s e n ta t io n  o f  th e  b la ck  and v h i te  checkerboard  p a t te r n  
used a s  th e  p a t te r n  re v e r s a l  s tim u lu s ; (no t an e x a c t r e p lic a )  .
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sub tending  an ang le  o f 4 8 '.  S ix ty -fo u r  sweeps were averaged . (D e ta i ls  o f 
th e  p a t te rn  movement a re  given under In s tru m e n ta tio n ) . S u b jec ts  were 
in s t r u c te d  to  f ix a te  on th e  c e n tre  o f th e  s c re e n .
INSTRUMENTATION AND RBCXHDING SYSTEM
A b lock  diagram  o f th e  experim ental s e t-u p  fo r  p re s e n ta tio n  of
s l id e  s t im u li  i s  shown in  Fig 3 :8  and th a t  fo r  p a t te rn  re v e rs a l  in  Fig
3 :9 .
The equipment used in c lu d e d : -
6 Medelec p re -a m p lif ie rs  
6 a m p lif ie rs
Gould D ig ita l  S to rage  O sc illo sco p e  OS4000
D ig itim e r 4030 p u lse  g e n e ra to r
Texas In stru m en ts  980B ccm puter
Sigma E le c tro n ic s  V ector G raphic D isp lay  (V.D.U.)
E le c tro n ic  Data T erm inal, S i le n t  700 ASR (keyboard and p r in te r )
Bryans h igh  speed XY R ecorder ( p lo t te r )
Kodak C arousel S-AV 2000 p ro je c to r ,  m odified w ith  a  s h o r t 
r i s e - t im e  s h u t te r
F o rth  In stru m en ts  P u lse  g e n e ra to r
V isual S tim u la to r w ith  L e i tz  P rad o v it p ro je c to r
M irro r a m p lif ie r
The su rfa c e  e le c tro d e s  were connected v ia  th e  p re a m p lif ie rs  to  the  
a m p lif ie r s ,  which had a ga in  o f 50 and v a r ia b le  low and h igh  frequency 
f i l t e r s .  Bandpass f i l t e r i n g  o f O .I Hz to  250 Hz (-3  dB p o in ts )  was used .












































The techn ique o f s ig n a l averag ing  was used . This method allow s th e  
r e l a t iv e ly  sm all, re c u rre n t s ig n a ls  evoked by th e  s t im u li  (b u t hidden 
amongst unwanted n o ise ) to  be d isp la y ed . Background no ise  c o n s is te d  of 
th e  b io lo g ic a l ,  spontaneous E.E.G. a c t i v i ty  and e l e c t r i c a l  no ise  from the 
equipnent and m ains. As th e  evoked s ig n a l i s  in —phase a c ro ss  in d iv id u a l 
sweeps (because i t  i s  tim e locked to  the  s tim u lu s) but randcxn n o ise  i s  
n o t, th e  s ig n a l suiunates and the  n o ise  ten d s  to  cancel o u t.
Averaging was c a r r ie d  out by a  program c a lle d  Autoprog, w r i t te n  and 
in s ta l l e d  by Mr. J .  W attam -Bell. Once loaded and in i t i a t e d  by in s t r u c ­
t io n s  fr<xn the  d a ta  te rm in a l keyboard, Autoprog d isp lay ed  a  menu on the  
V .D .U ., (Appendix D). From th i s  menu one o f s ix te e n  fu n c tio n s  could  be 
chosen. These included a c a l ib r a t io n  procedure (CAL), a  " s t a r t  averag ing" 
in s t r u c t io n  (AV), an on-going E.E.G d is p la y , th re e  p re s e t  averag ing  
fu n c tio n s  and a v a r ia b le  averag ing  form at. S e le c tio n  o f th e  v a r ia b le  
fu n c tio n  allow ed the  u se r to  d e f in e  th e  sweep v a r ia b le s  to  be used , 
namely number o f ch an n e ls , number o f sweeps, to t a l  sweep tim e and delay  
tim e . A c a l ib r a t io n  was c a r r ie d  out re g u la r ly  using  the  CAL in s t r u c t io n .  
This provided a s ig n a l common to  a l l  channels and the  a m p lif ie r  ga ins
could  then be a d ju s ted  i f  necessary  u n t i l  a l l  channels gave an equal
d e f le c t io n  to  the  known s ig n a l .
A fte r  s e le c t in g  the  v a r ia b le  fo rm at, which was used fo r  a l l  
exp erim en ts , th e  re q u ire d  sweep v a r ia b le s  were s to red  by ty p in g  in  the 
a p p ro p r ia te  va lu es  on the  d a ta  te rm ina l keyboard. The fo llow ing  were 
chosen (excep t in  p re lim in a ry  experim ents) : number o f ch an n e ls  = 6,
number o f sweeps = 42 , 64 o r  41 depending on the  type o f s t im u l i ,  sweep
tim e -  1000 msec and delay  tim e = 0 .0  msec. The sweep tim e always
d if f e r e d  s l ig h t ly  from th a t  requested  i . e .  1000.48 msec in s te a d  o f 1000
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msec. This e f f e c t  was due to  th e re  being  a  f i n i t e  number o f d a ta  p o in ts  
and a f i n i t e  re s o lu t io n  which r e s u l t s  in  a  f i n i t e  number o f ach ievab le  
sweep tim es (n o t n e c e s s a r i ly  a  whole number of m illis e c o n d s ) . The 
Autoprog program c a lc u la te d , d isp la y ed  and used th e  sweep tim e n e a re s t  to  
th a t  s e le c te d . For each sweep th e  ccm puter sampled s ix  sim ultaneous 
channels o f 256 d a ta  p o in ts  each , a t  a r a te  o f approxim ately  256 p o in ts  
pe r second, w ith  12 b i t  p re c is io n .
Following in s e r t io n  o f th e se  fo u r v a r ia b le s ,  the E.E.G. fu n c tio n  
was s e le c te d  to  observe th e  on-going E.E.G. a c t i v i t y .  This allow ed 
sim ultaneous in sp e c tio n  o f th e  s ix  channels to  check fo r  e le c tro d e  
a r t e f a c t  and the  le v e l o f myc^enic a c t i v i ty  p r io r  to  av erag in g . Once the  
reco rd in g  appeared s a t i s f a c to r y ,  averag ing  began by s e le c t in g  the  AV 
fu n c tio n , th e  sweep being  tr ig g e re d  by th e  D ig itim er p u lse  g e n e ra to r .
S lid e  P re s e n ta t io n : Each s l id e  was p ro je c ted  from a m odified Kodak
C arousel p ro je c to r ,  fo r  2 seconds, on to  a w hite sc reen  p o s itio n e d  110 
cms in  f ro n t o f th e  s u b je c t ,  sub tend ing  an ang le  o f 2 4 °a t th e  eye. The 
D ig itim er s t a r t  b u tto n  (o p era ted  m anually) tr ig g e re d  the  sweep o n se t and 
s im u ltaneously  opened the  f a s t  a c tin g  s h u t te r  ( r i s e  tim e 2 msec) o f the 
m odified  Kodak C arousel p ro je c to r .  This provided in s ta n tan e o u s  p ro je c tio n  
o f th e  s l id e  on to  th e  screen  fo r  2 seconds and the  s l id e  then  changed 
a u to m a tic a lly . The s l id e  p re se n ta tio n  tim e was p re s e t  by th e  F orth  
In strum en ts  p u lse  g e n e ra to r , which was d riv en  by th e  D ig itim e r, and a lso  
connected to  the  s h u t te r  re le a s e  and s l id e  change o f th e  p ro je c to r ,  (F ig  
3 :1 0 ) . The s l id e s  were p resen ted  a t  random in te r v a l s ,  ranging  from 5 to  
10 seconds. S u b jec ts  were in s tru c te d  to  f ix a te  on the  c e n tre  of the 
sc reen  to  minimise eye movement a r t e f a c t  and they  were requested  to  try  









s l id e s  and p a t te r n  re v e r s a l  th e  room was darkened by purpose made b lack­
ou t c u r ta in s ,  th e  only  l ig h t  v i s ib le  being th a t  from instrum ent
in d ic a t io n  l i g h t s .
P a tte rn  re v e rs a l  : The D ig itim e r tr ig g e re d  th e  sweep a t  th e  o n se t o f the
p a t te rn  d isp lacem en t. A m ir ro r  p ro je c tin g  the b lack  and w hite  
checkerboard s l id e  (housed in  th e  L e i tz  P rad o v it p ro je c to r )  ro ta te d  
through a sm all an g le  causing  th e  p a t te rn  to  move h o r iz o n ta l ly  th e  w idth 
o f one square  every  1 .5  seconds. This tim e was p re s e t by th e  D ig itim er 
and the  am plitude  o f th e  m irro r  movement ( i . e .  one square) could  be 
ad ju s ted  v ia  th e  m irro r a m p lif ie r .
During av erag in g , th e  on-going E.E.G. a c t i v i ty  could  be viewed (one 
channel a t  a  tim e) on the  Gould o sc il lo sc o p e  in  o rd e r  to  m onitor
ex traneous p o te n t ia l s  ( e .g .  myogenic a c t i v i t y ,  b lin k s  and in te r f e r e n c e ) .  
High v o lta g e , unwanted ex tran eo u s a c t i v i t y  was excluded from th e  average 
because th e  program in co rp o ra ted  an a r t e f a c t  r e je c t io n  f a c i l i t y  which was 
s e t  to  r e j e c t  any sweep in  which th e  in p u t exceeded + / -  100 uV on any 
channel. Averaging ceased autcM m tically  once the  req u ired  number of 
sweeps had been reached and each run was s to re d  p r io r  to  p ro c e ss in g .
P ro cessin g  :
When averag ing  runs were f in a l ly  completed ( i . e .  a t  th e  end o f an 
experim ent) th e  p ro cess in g  fu n c tio n  was s e le c te d .  This c o n tro l loaded the  
prc^ram  Proprog fo r  p r in t in g  and p lo t t in g  the  s to red  r e s u l t s .  The Proprog 
menu, c o n s is t in g  o f f i f t e e n  fu n c tio n s  ( e .g .  f i l t e r i n g ,  s c a lin g  up, 
s c a lin g  down, p r in t  and p lo t)  was d isp lay ed  on the  V.D.U. screen
a lo n g sid e  th e  f i r s t  s to re d  average . Appendix E l i s t s  the  Proprog
fu n c tio n s . A th re e  p o in t moving average f i l t e r  (frequency  c u t - o f f  = 85
Hz) was ap p lie d  to  th e  d a ta  when necessa ry  and i f  used sp a r in g ly  had no
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s ig n i f ic a n t  e f f e c t  on am plitudes and la te n c ie s .  The d isp lay ed  average 
could  be sca led  up o r  down. Four c u rso rs  came in to  e f f e c t  viiich could be 
moved tra n s v e rse ly  along th e  tr a c e  to  measure fo u r independent la te n c ie s  
and th e  corresponding  am plitudes.
Once a l l  s to re d  averag ing  runs had been processed  they  were p lo t te d  
on a Bryans XY re c o rd e r . The la te n c ie s  and am plitudes corresponding  to  
each p lo t  (measured by th e  four c u rso rs )  were sim u ltaneously  p rin te d  out 
by th e  Data te rm in a l. Each c u rso r  gave only  one la ten cy  re a d -o u t, conmon
to  a l l  s ix  ch an n e ls . Ifowever, a  p o te n t ia l  to  be measured o f te n  v a ried
s l ig h t ly  in  la ten cy  from one channel to  a n o th e r . T h e re fo re , th e  m a jo rity  
o f PlOO and P300 la te n c ie s  and am plitudes had to  be c a lc u la te d  
s e p a ra te ly , a t  a  l a t e r  d a te , by hand. The am plitude o f bo th  PlOO and P300 
rep re sen ted  the  peak to  peak v a lu e s , the  p o te n t ia ls  being measured fro n  
th e  upgoing, n e g a tiv e  o n se t to  the downward, p o s i t iv e  d e f le c t io n .
The d i r e c t io n  in  %hich th e  v o ltag e  f lu c tu a t io n s  between a  given
p a ir  o f e le c tro d e s  i s  reproduced depends upon th e  way in  which they  a re  
connected to  the  in p u t le ad s  o f an a m p lif ie r .  R efe rrin g  to  th e se  le ad s  a s  
b lack  (G rid  1) and w hite  (G rid  2 ) ,  E.E.G. convention  s t a t e s  t h a t  when the  
b lack  lead  becomes e le c tro -n e g a tiv e  w ith  re sp e c t to  the  w h ite , th e re  w il l  
be an upward d e f le c t io n .  This p ra c t is e  enab les  the  r e l a t i v e  p o la r i ty  o f a 
p a r t i c u la r  d isch a rg e  to  be deduced and uniform ly d e sc rib e d . T his conven­
t io n  has been adhered to  and in  the  common re fe re n ce  (Fz) montage used 
in  th e  m a jo rity  o f experim en ts, th i s  s in g le  e le c tro d e  (common to  a l l  
channels) re p re se n ts  th e  w hite g r id . In diagram s o f b ip o la r  montages, 
b lack  lead s  a re  drawn as  s o l id  l in e s  and w hite lead s  as broken l in e s .
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^  STATISTICS
For noniial s u b je c ts  and p a t ie n ts  th e  la te n c ie s  and am plitudes o f 
PlOO and P300 from a l l  e le c tro d e  p o s i t io n s  were measured by hand, then  
typed in  and s to re d  (acco rd ing  to  th e  v a rio u s  c o n d itio n s  and handedness) 
on 8" floppy d is c s  u s in g  the  program W ordstar on a  Research Machines 380Z 
ccm puter. The age and sex o f each su b je c t were a lso  reco rded . This d a ta  
was then  changed in to  RT-11 fo rm at to  enab le  Analyses o f V ariance to  be 




In  th e  f i r s t  in tro d u c to ry  c h ap te r  i t  was suggested  th a t  by using  
e le c tro p h y s io lo g ic a l  tech n iq u es  i t  m ight be p o s s ib le  to  r ^ l i c a t e  the  
r e s u l t s  ob ta in ed  by o th e r  methods o f a r ig h t  hem isphere s u p e r io r i ty  fo r  
face  p ro c e ss in g . I n i t i a l l y ,  i t  was th e re fo re  necessa ry  to  in v e s t ig a te  
w hether an evoked p o te n tia l  could be recorded  in  response to  fa c e s . 
I f  t h i s  proved p o s s ib le , i t  was then  e s s e n t ia l  to  e s ta b l i s h  a reas  of 
maximum am plitude in  o rd e r to  sim u ltaneously  e s tim a te  th e  c o n tr ib u tio n  
frcm each hem isphere as w ell as th e  s p e c i f ic  reg io n s  in vo lved . The 
fo llow ing  p re lim in a ry  s tudy  was designed to  answer th e se  q u e s tio n s .
B rie f  P rocedure
Three r ig h t  handed s u b je c ts  (CP, CT and DS aged 21, 27 and 40 y ears  
r e s p e c tiv e ly )  took p a r t .  Seventeen e le c tro d e s  o f th e  10-20 system  were 
ap p lie d  sym m etrically  to  th e  sca lp ; seven over th e  r ig h t  hem isphere, 
seven over th e  l e f t  and two a t  the  m id lin e , a l l  re fe r re d  to  Fz ( f r o n t a l ,  
m id lin e ) . Averaging was c a r r ie d  out c o n se c u tiv e ly  frcm d i f f e r e n t  s e t s  of 
e le c tro d e s .  Each s u b je c t viewed the  known and unknown face  s l id e s  as 
s e p a ra te  c o n d itio n s . The peak to  peak am plitude o f P300 was then  measured 
a t  a l l  e le c tro d e  s i t e s  fo r  the  two c o n d itio n s .
Eye movement p o te n t ia l s  were a lso  s im u ltan eo u sly  recorded  during  
t h i s  experim ent. A p a ir  o f e le c tro d e s  was p laced  ( i )  above and below and 
( i i )  on the  o u te r  and in n e r canthus o f the  r ig h t  eye. The a m p lif ie r  gain  
o f th e se  two channels  was reduced to  h a lf  (G20) o r  a  q u a r te r  (GIO) o f th e  
E.E.G. ch an n e ls .
78
R esu lts
In  p o s tc e n tra l  reg io n s , evoked p o te n t ia l s  were c o n s is te n tly  
recorded  from the  th re e  su b je c ts  under both  c o n d itio n s . The ty p ic a l 
response waveform (F ig  4 :1 )  showed an i n i t i a l  p o s i t iv i ty  between 
approxim ately  80 and 120 msec and an upgoing n e g a tiv ity  follow ed by a 
p o s i t iv i ty  around 260 -  320 msec. The form and la ten cy  of th e se  two 
p o s i t iv e  components corresponded to  those  o f PlOO and P300 a s  d esc rib ed  
in  th e  l i t e r a t u r e .  A ll su b je c ts  showed th e  a re a  o f la r g e s t  am plitude fo r  
P300 o ccu rrin g  a t  T6, P4, 02, T5, P3 and 01 e le c tro d e s . As p re d ic te d ,
t h i s  component was maximal in  the  p o s te r io r  tem poral, p a r ie ta l  and 
o c c ip i ta l  reg io n s  o f each hem isphere. Fig 4 :2 , ( a ,b  and c) i l l u s t r a t e  
th e se  f in d in g s  in  su b je c t C.P.
Due to  the  r e s t r i c t e d  number o f a m p lif ie rs  a v a i la b le ,  re co rd in g s  
could  only  be made from s ix  channels s im u ltan eo u sly . I t  was th e re fo re  
n ecessary  to  s e le c t  th re e  e le c tro d e s  from the  r ig h t  hem isphere and th re e  
from the l e f t  f o r  use in  the  main experim en ts. A ccordingly, the  above 
m entioned s ix  e le c tro d e s , re fe rre d  to  Fz, became the  ro u tin e  placem ents 
in  subsequent s tu d ie s .
The eye movement reco rd in g s  d id  not show any evidence o f components 
o ccu rrin g  s im u ltan eo u sly  w ith  e i th e r  PlOO o r  P300 (F ig  4 :3 )  and i t  was 
th e re fo re  decided not to  inc lu d e  th ese  e le c tro d e s  ro u tin e ly .
T his p re lim in a ry  s tudy  was obv iously  lim ited  but provided 
prom ising r e s u l t s .  Consequently, the  f i r s t  main experim ent was s e t  up to  
examine a la rg e r  s e r ie s  o f s u b je c ts  in  o rd e r  to  t r y  to  r e p l ic a te  th e  
above f in d in g s . The experim ent was designed to  o b ta in  f u r th e r  ev id en ce , 
both  from the  e f f e c t s  o f b ra in  le s io n s  and from Iia lf  f i e ld  s t im u la tio n  





F ig  4 :1 . A ty p ic a l  evoked p o te n t ia l  (average o f  64 
sweeps) showing PlOO, P300 and th e  measurement p o in ts  
f o r  am p litude . N e g a tiv ity  upwards.
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F ig  4 :2 ; a ,  b  and c .  C onsecutive rec o rd in g s  in  s u b je c t C .P . from  a 
t o t a l  o f  s ix te e n  e le c tro d e s  each r e f e r r e d  to  F z . The arrow s in d ic a te  
th e  s i t e s  o f  maximum am plitude f o r  P300.
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F ig  4:2 c


























eye 2 G 20
F ig  4 :3  Eye movement p o te n t ia l s  and an o c c ip i t a l  le a d  
reco rded  from 3 s u b je c ts .  The eye e le c tro d e s  do n o t 
show any components t h a t  occur s im u ltan eo u sly  w ith  P300 
Sweep tim e 0-1000 ms, d i f f e r e n t  g a in s  a s  shown.
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p ro cessin g  o f fa c es  than  th e  l e f t  ( in  r ig h t  handed in d iv id u a ls ) .  I f  t r u e ,  
fa c e  s t im u li  m ight evoke a  response w ith  a  r ig h t  sided  P300 am plitude 
s u p e r io r i ty .  B ut, i t  could  be th a t  a l l  types o f v is u a l  s tim u la tio n  a re  
p rocessed  a sy m m etrica lly , re v e a lin g , in  a  s tudy  designed to  compare 
homologous hem isphere s i t e s ,  a  s im ila r  asymmetry to  th a t  proposed fo r  
s l id e s  o f fa c e s . Although th e re  i s  no evidence fo r  t h i s  a ssu n p tio n  from 
s tu d ie s  o f evoked p o te n t ia l s  to  f la s h  and p a t te rn  r e v e r s a l ,  the  paper by 
N e v ille  e t  a l  (1982), does suggest th a t  P300 was la r g e s t  a t  th e  r ig h t  
s id ed  e le c tro d e  fo r  re c o g n isa b le , m eaningful s l i d e s .  In o rd e r to  check 
t h i s  p o s s ib i l i t y ,  two c o n tro l co n d itio n s  were p resen ted  in  co n ju n ctio n  
w ith  th e  face  s t im u li ;  geom etric designs were shown in  o rd e r  to  observe 
th e  response to  complex s t im u li  o th e r  than  fa c e s , and p a tte rn  re v e rsa l 
ac ted  as a  p h y s ica l s tim u lu s  w ithout c o g n itiv e  c o n te n t . I f  fa c e s  in  
p a r t i c u la r ,  and not a l l  v is u a l s t im u li ,  a re  s p e c i f ic  to  r ig h t  hem isphere 
p ro cess in g  then they  should show a  r ig h t  sided  am plitude s u p e r io r i ty  
g re a te r  than  th a t  shown by th e se  co n tro l c o n d itio n s .
The e f f e c t  o f re c o g n itio n  was a lso  in v e s t ig a te d  by p re sen tin g  two 
d i f f e r e n t  s e r ie s  o f face  s l id e s ,  those w ell known to  th e  s u b je c ts  and 
th o se  com pletely  unknown. N ev ille  e t  a l  (1982) rep o rted  P300 to  be 
c le a r ly  la rg e r  f o r  s l id e s  th a t  were reco g n ised . However, t h e i r  d e f in i t io n  
o f r e c o g n is a b i l i ty  r e l ie d  on th e  s l id e s  being in  focus a s  opposed to  
defocused , a  f a c to r  which could lead to  subsequent am biguity in  the 
in te r p r e ta t io n  o f th e  r e s u l t s  (a s  d iscu ssed  e a r l i e r ) .  The p re sen t s tudy  
a ttem p ts  to  overcome th i s  problem by showing two s e t s  o f fa c e s , both o f 
which have m eaningful and complex prop>erties but g re a t ly  d i f f e r  in  th e i r  
a b i l i t y  to  evoke re c o g n itio n  by the s u b je c t .  Based on the  r e s u l t s  of 
N e v ille  e t  a l  (1982), P300, in  response to  w ell known fa c e s , should be
la rg e r  than when e l i c i t e d  by unknown fa c e s .
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EXPERIMENT ^
The evoked response to  face  and c o n tro l s tim u li 
in  r ig h t  handed s u b je c ts .
B r ie f  P rocedure
T h ir ty  r ig h t  handed c o n tro ls ,  15 m ales and 15 fem ales were 
examined. T heir ages ranged from 14 to  60 y e a rs , mean age 30 .5  y e a rs . 
Each s u b je c t viewed fou r types o f s t im u li  : known and unknown fe c e s ,
geom etric  d es ig n s  and p a t te rn  r e v e r s a l .  Forty-tw o sweeps were averaged 
fo r  known fa c es  and s ix ty - fo u r  sweeps fo r  th e  o th e r  th re e  c o n d itio n s . 
P a tte rn  re v e rs a l  a l te rn a te d  once every  1 .5  seconds. S lid e s  o f faces  were 
shown du rin g  se s s io n  1, geom etric d esig n s  and p a t te rn  re v e rs a l  during  
se s s io n  2 , a t  a  l a t e r  d a te . The two c o n d itio n s  p resen ted  a t  each o f th e se  
se s s io n s  were a l te rn a te d  between s u b je c ts  to  overcone any o rd e r  e f f e c t .  
R ecordings were made frcxn e le c tro d e s  o v e rly in g  the r ig h t  and l e f t  
p o s te r io r  tem poral, p a r ie ta l  and o c c ip i ta l  re g io n s , a l l  re fe r re d  to  Fz.
R esu lts
Evoked p o te n t ia l s  were again  c o n s is te n t ly  recorded  frcm each 
s u b je c t a t  a l l  e le c tro d e  s i t e s  fo r  the  fou r c o n d itio n s . The ty p ic a l  
response showed the  same waveform as  th a t  desc rib ed  in  th e  p re lim in a ry  
s tu d y . T ab les 4 :4  and 4 :5  i l l u s t r a t e  (w ith  the  re s p e c tiv e  s tandard  
d e v ia t io n s )  th e  mean la te n c ie s  and am plitudes fo r  PlOO and P300 
re s p e c tiv e ly  a t  each e le c tro d e  s i t e ,  fo r  th e  four types o f s t im u l i .
The d a ta  from th i s  experim ent conform to  a f a c to r ia l  a n a ly s is  of 
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s u b je c t)  and th re e  w ith in  su b je c t (rep ea ted  measure) fa c to rs  as fo llo w s: 
i )  s id e  o f reco rd in g  ( l a t e r a l i t y ) ,  i i )  s i t e  of record ing  (e le c tro d e  
p o s i t io n s )  and i i i )  s tim u lu s  type ( th e  fo u r c o n d it io n s ) . A nalysis of 
V ariance (ANOVA) was performed s e p a ra te ly  on each o f th e  fou r dependent 
v a r ia b le s :  PI00 am plitude , PlOO la te n c y , P300 am plitude and P300 la te n c y .
ANOVA: PlOO am plitude
Table 4 :6  and F ig  4 :7  p re sen t the  A nalysis  o f V ariance r e s u l t s  fo r  
PlOO am plitude; (p< 0 .05  being regarded as  s ig n i f ic a n t  in  re sp ec t to  the  
ta b le  o f p r o b a b i l i t i e s ) .  There i s  a  s ig n i f ic a n t  l a t e r a l i t y  e f f e c t ,  
F ( l ,2 8 )  = 15 .9 , p< .001 which in d ic a te s  a  r ig h t  g r e a te r  than  l e f t  PlOO 
am plitude . This i s  a  general e f f e c t  as i t  does not in te r a c t  w ith  
c o n d itio n , F (3 ,8 4 ) = 1 .16 , p> 0 .3 , o r  e le c tro d e  p o s i t io n , F (2 ,5 6 ) = 
1 .6 3 , p> 0 .2 . The mean am plitude o f a l l  th e  r ig h t  hem isphere e le c tro d e s  
(summed over the  fou r c o n d itio n s )  was 9 .13  uV and fo r  the  l e f t  hemi­
sphere  8 .19  uV. There i s  th e re fo re  an o v e ra l l  r ig h t  g r e a te r  than  l e f t  
PlOO am plitude asymmetry in  the  o rd e r o f 0 .9  uV.
The p o s i t io n  o f e le c tro d e s  a lso  proved s ig n i f ic a n t ,  F (2 ,5 6 ) =
8 2 .9 , p< .001, w ith  the  maximum am plitude o ccu rrin g  in  o c c ip i ta l  reg ions 
w ith  a l l  fou r c o n d itio n s . This e f f e c t  in t e r a c t s  w ith  c o n d itio n  F (6 , 
168) = 5 .4 5 ,  p< .001 . Fig 4 :7  su g g es ts  th a t  t h i s  f in d in g  i s  la rg e ly  
due to  p a t te rn  re v e rsa l producing sm alle r PlOO am plitudes (conpared to  
th e  o th e r  th re e  co n d itio n s )  in  tem poral and p a r ie ta l  reg io n s , but h ig h e r 
am plitude responses o c c ip i ta l l y .  The tem poral e le c tro d e s  (T6 and T5), 
th e  p a r ie ta l  e le c tro d e s  (P4 and P3) and the  o c c ip i ta l  e le c tro d e s  (02 and 
01) were each summed and the mean taken  fo r  the th re e  c o rd it io n s  
exclud ing  p a t te r n  re v e r s a l ,  the  v a lues being 7 .47  uV (te m p o ra l) , 7 .19  uV 
( p a r i e t a l )  and 11.84 uV ( o c c ip i t a l ) .  The co rresponding  p a t te rn  re v e rsa l
89
For tex t  prior to page 104 reference should be made to Tables 4:6a,  
4:9a,  4:11a and 4:15a. Values re la t ing  to the e f f e c t s  of sex and age 
are then given in the original Tables (4 :6 ,  4 :9 ,  4:11 and 4:15) .
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PlOO AMPLITUDE Table 4:6a
ANOVA Table of probabilities for Experiment 1
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PlOO AMPLITUDE TABLE 4 :6
ANOVA Table of probabilities for Experiment 1





















































































































































































































u r o m
• H vO CO
a





(U r O o CN m
• H





U 0 \ CO m









CO U Q >
M < U i









am plitudes were 6 .03  uV, 5 .57  uV and 12.83 uV, (se e  Table 4 :8 ) .  There­
fo r e ,  d u ring  p a t te rn  re v e rs a l  th e  tem poral and p a r ie ta l  reg io n s  were 
r e s p e c t iv e ly  1 .4  uV and 1 .6  uV sm a lle r  and th e  o c c ip i ta l  a re a  1 .0  uV 
la rg e r  than  the  mean PlOO am plitude o f th e  o th e r  th re e  c o n d itio n s .
ANOVA: PlOO la te n c y .
Table 4 :9  shows the  A nalysis o f V ariance r e s u l t s  fo r  PlOO la te n c y  
and Fig 4 :10  i l l u s t r a t e s  th e  mean PlOO la te n c ie s  a t  th e  s ix  e le c tro d e  
s i t e s  fo r  the  fo u r c o n d itio n s . There i s  a  s ig n if ic a n t  e f f e c t  w ith  
c o n d itio n , F (3 ,8 4 ) = 30 .8 , p< .0001, due to  PlOO being 25 ms e a r l i e r  
w ith  geom etric  d esigns and p a t te rn  re v e rs a l  than  w ith  known and unknown 
fa c e s , a t  a l l  e le c tro d e  s i t e s .  The l a t e r a l i t y  e f f e c t  i s  a lso  s ig ­
n i f i c a n t ,  F (1 ,2 8 ) = 14.03, p< «001; th e  mean PlOO la ten cy  o f th e  r ig h t  
s id e  (o v e r a l l  fo u r c o n d itio n s  conbined) being 104.8 ms and fo r  the  l e f t  
103.4 ms. The r ig h t  hem isphere th e re fo re  g e n e ra lly  responds 1 .4  ms s low er 
than  th e  l e f t  s id e . The e f f e c t  o f p o s i t io n  i s  j u s t  s ig n i f i c a n t ,  
F (2 ,56 ) = 3 .5 , p< .05; t h i s  appears to  be due to  PlOO o ccu rrin g  s l ig h t ly  
l a t e r  a t  th e  tem poral e le c tro d e s  than  a t  th e  o th e r  two re g io n s . There 
were no o th e r  s ig n i f ic a n t  r e s u l t s .
ANOVA: P300 am plitude .
Table 4:11  shows th e  ANOVA p r o b a b i l i t i e s  and the graph Fig 4 :1 2  
d is p la y s  th e  mean P300 am plitudes fo r  th e  four c o n d itio n s  a t  each 
e le c tro d e  s i t e .  The e f f e c t  o f c o n d itio n  i s  s ig n i f ic a n t ,  F (3 ,8 4 ) = 5 0 .0 , 
p< .001; t h i s  appears to  be due to  P300 am plitudes being g e n e ra lly  la rg e r  
in  response to  known and unknown faces  than  to  geom etric d e s ig n s , %hich 
in  tu rn  e l i c i t e d  la rg e r  responses than  p a t te rn  re v e r s a l .  The am plitude o f 
P300 was a ls o  s ig n i f ic a n t ly  la rg e r  over the  r ig h t  hem isphere compared to  
th e  l e f t  ( l a t e r a l i t y  e f f e c t  F (1 ,2 8 ) = 1 9 .4 , p< .0 1 ) , the  mean r ig h t
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PlOO LATENCY Table 4:9 9
ANOVA Table of probabilities for Experiment 1.











































































PlOO LATENCY TABLE 4 :9
ANOVA Table of probabilities for Experiment 1
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P300 AMPLITUDE Table 4:11a
ANOVA Table of probabilities for Experiment 1.











































































P300 AMPLITUDE TABLE 4 :1 1
ANOVA Table of probabilities for Experiment 1






















































































































































































s id ed  am plitude being 14.8  uV and th e  l e f t  13.2 uV. This l a t e r a l i t y  
e f f e c t  in t e r a c t s  w ith  c o n d itio n , F (3 ,8 4 ) = 6 .6 9 , p< .001. Table 4 :13  
shows th e  mean P300 am plitudes fo r  r ig h t  and l e f t  hem ispheres fo r  each o f 
th e  fou r c o n d itio n s . The la rg e r  r ig h t  s id ed  P300 am plitude does appear as 
a  g en era l o v e ra ll  e f f e c t  but th e  mean r ig h t  hem isphere s u p e r io r i ty  of 
2 .32  uV w ith  th e  face  co n d itio n s  i s  s ig n i f ic a n t ly  g re a te r  than the  
r i g h t / l e f t  d if f e re n c e  (0 .92  uV) found by o th e r  s t im u li .  The l a t e r a l i t y  x 
e le c tro d e  p o s it io n  r e s u l t  o f F (2 ,5 6 ) = 0 .2 7 , p= 0 .76  and the l a t e r a l i t y  
X e le c tro d e  p o s i t io n  x co n d itio n  in te r a c t io n ,  F (6 ,168 ) = 2 .4 6 , p= 0 .02 
both  proved n o n - s ig n if ic a n t , so the r ig h t  hem isphere s u p e r io r i t i e s  
rep o rte d  above were r e f le c te d  eq u a lly  a t  a l l  e le c tro d e s .
The e f f e c t  o f e le c tro d e  p o s it io n  was a ls o  s ig n i f ic a n t ,  F (2 ,5 6 )  = 
4 4 .69 , p< .0001. This i s  due to  P300 am plitudes being c o n s is te n tly  la rg e r  
in  o c c ip i ta l  and tem poral reg io n s  than  p a r i e t a l l y ,  as shown in  Table 
4 :1 4 . This r e s u l t  in te ra c te d  w ith  c o n d itio n , F (6,168)=  12.71, p< .0001, 
th e  e f f e c t  being much more marked w ith  face  s t im u li .
ANOVA: P300 la te n c y .
Table 4:15 g iv es  th e  ANOVA p r o b a b i l i t i e s  and Fig 4:16 d is p la y s  the  
mean P300 la te n c ie s  fo r  the  fou r c o n d itio n s  a t  each e le c tro d e  s i t e .  The 
l a t e r a l i t y  e f f e c t  proved n o n -s ig n if ic a n t ,  F (1 ,2 8 ) = 3 .1 5 , pp 0 .0 8 .
T h ere fo re , in  Table 4:17 r ig h t  and l e f t  s ided  e le c tro d e s  have been taken  
to g e th e r  to  show th e  r e la t io n s h ip  between the  fo u r co n d itio n s  and the  
d i f f e r e n t  e le c tro d e  p o s i t io n s .
The e f f e c t  o f co n d itio n  was s ig n i f i c a n t ,  F (3 ,8 4 ) = 8 .6 1 , p< .001 . 
From Table 4:17 i t  i s  c le a r  th a t  P300 w ith  geom etric designs and p a t te rn  
re v e rs a l  occurred  e a r l i e r  (10-20 ms and 20-25 ms re s p e c tiv e ly )  than  
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P300 LATENCY Table 4:15 8
ANOVA Table of probabilities for Experiment 1.











































































P300 LATENCY TABLE 4 : 1 5
ANOVA Table of probabilities for Experiment 1




























































































































































































































th e re  was no s ig n i f ic a n t  in te r a c t io n  between co n d itio n  and l a t e r a l i t y ,  F 
(3 ,8 4 ) = 0 .4 , p= 0 ,7 .
The p o s i t io n  o f e le c tro d e s  proved s ig n i f ic a n t ,  F (2 ,5 6 ) = 5 .7 2 , 
p< .01 , w ith  P300 o c cu rrin g  e a r l i e r  in  o c c ip i ta l  reg ions (conpared to  
ta n p o ra l o r  p a r i e t a l  a re a s )  w ith  geom etric  d esigns and p a t te rn  re v e rsa l 
(c o n d itio n  x p o s it io n  e f f e c t  F (6 ,1 6 8 ) = 3 .74 , p< .01). This fin d in g  can 
be seen c le a r ly  in  Fig 4 :1 6 . There were no o th e r  s ig n i f ic a n t  i n t e r ­
a c t io n s .
E f fe c ts  o f sex:
There were equal numbers o f m ales and fem ales ( i . e .  15 o f each ). 
With PlOO am plitude th e re  was a  genera l e f f e c t  of sex , F (1 ,2 4 )  =
6 .0 4 , p<.05; th e  fem ales showing g e n e ra lly  la rg e r  responses than  the
m ales, in  th e  o rd e r o f 2 .3  uV. The PlOO am plitude p o s i t io n  e f f e c t
(maximal responses o c c ip i ta l ly )  in te r a c te d  w ith  sex , F (2 ,4 8 ) = 5 .58 ,
p< .01 w ith  fem ales showing la rg e r  responses in  th i s  a re a  compared to  
m ales. There was a lso  a  c o n d itio n  x p o s it io n  x sex in te r a c t io n ,  F
(6 ,144) = 3 .45 , p< .01 , due to  the  fem ales showing the  above e f f e c t
more m arkedly w ith  geom etric desig n s  and p a t te rn  r e v e r s a l ,  ( s e e  Fig 
4 :1 8 ) . PlOO la te n cy  showed a g en era l sex e f f e c t  F (2 ,2 4 ) = 6 .4 1 , p< .05 
and th i s  r e s u l t  a lso  occurred w ith  P300 la te n c y , F (1 ,1 9 ) = 6 .5 5 , p< .0 5 . 
Females showed both e a r l i e r  PlOO la te n c ie s  (7-8ms e a r l i e r )  and P300 
la te n c ie s  (24 ms e a r l i e r ) .  There were no o th e r  in te r a c t io n s .
E f fe c ts  o f Age:
For age, the  s u b je c ts  were d iv ided  in to  tlire e  groups, l e s s  than  27 
(n=9), 27 to  33 (n = ll)  and o ld e r  than 33 y ears  (n=10). Age had no e f f e c t  
on th e  la te n c ie s  o f e i th e r  PlOO o r  P300. However, w ith PlOO am plitude  


























































































































which seems to  be due to  the  o ld e r  age group (33+ y ears) showing sm a lle r 
responses in  o c c ip i ta l  reg io n s  w ith  bo th  face  co n d itio n s  and geom etric 
d e s ig n s , b u t not w ith  p a t te r n  r e v e r s a l ,  see  Fig 4 :1 9 .
There was an age x c o n d itio n  e f f e c t  w ith  P300 am plitude , F (6 ,5 7 )  = 
6 .1 9 , p< .0001. Fig 4 :20  shows th e  mean am plitudes fo r  the  fou r 
co n d itio n s  acco id in g  to  age. Those su b je c ts  over 33 y ears  gave the  
l a r g e s t  responses to  both  face  c o n d itio n s , y e t th e  sm a lle s t w ith  geo­
m e tric  d esig n s  and p a t te r n  r e v e r s a l .
D iscu ssio n  o f r e s u l t s .
These r e s u l t s  r e p l i c a t e ,  in  a  much la rg e r  s e r ie s  o f s u b je c ts ,  those  
a lre a d y  ob ta in ed  by th e  sm a ll, p re lim in a ry  s tu d y . I t  i s  ev id en t t h a t  PlOO 
and P300 can be evoked by view ing s l id e s  o f faces  when th e  on ly  ta sk  i s  
to  watch th e  s t im u l i .
A ccording to  th e  type o f s t im u li  p re se n te d , the  am plitude and 
la te n c y  o f PlOO c lo s e ly  resem ble the  v a lu es  rep o rted  in  p rev ious 
s tu d ie s .  With p a t te r n  r e v e r s a l ,  th e  mean o c c ip i ta l  la ten cy  and am plitude 
o f 91-92 msec and 12-13 uV re s p e c t iv e ly  a r e  very  s im ila r  to  90 .5  msec and 
9 .2  uV g iven  by Asselman e t  a l .  (1975) aixi to  the  meaiB o f 99 msec, 12.0 
uV o b ta in ed  during  1982 in  th e  Department o f C lin ic a l  Neurology fron  
twenty noimal c o n tro ls  (10 m ales; group mean age 33 y r s ,  ra rg e  19 -  60
y rs )  using  th e  same equipm ent. The PlOO o c c ip i ta l  la ten cy  recorded  in  
response  to  th e  " f la s h  p re s e n ta tio n "  o f face  s t im u li (115-118 msec) i s  
a lso  s im ila r  to  v a lu es  in  th e  l i t e r a t u r e ,  fo r  example Ciganëc (1969), 110 
msec and R ichey e t  a l .  (1971), 118 msec. I t  was not unexpected th a t  PlOO 
would occur w ith  a  longer la te n c y  in  response to  s l id e s  in v o lv in g  a f la s h  
p re s e n ta tio n  (compared to  p a t te rn  r e v e r s a l)  and th i s  fin d in g  co rresponds 
to  the  d i f f e r e n t  PlOO la te n c y  v a lu es  found in  a  comparison between f la s h
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and p a t te rn  re v e rs a l  by Hughes e t  a l .  (1982), i . e .  PlOO to  f la s h  
occurred  l a t e r .  I t  i s  in te r e s t in g  to  no te  th a t  PlOO occurred so much 
e a r l i e r  w ith  geom etric  d esigns (90-91 msec o c c ip i ta l ly )  than  w ith  fe.ce 
s l id e s  a lthough  both  had the  same method o f " f la s h "  p re s e n ta tio n , and 
th i s  i s  d i f f i c u l t  to  e x p la in .
P300 to  p a t te rn  re v e rsa l  (265-270msec) a lso  occurred a t  a s im ila r  
tim e to  the  l a te  p o s i t iv i ty  shown in  response to  th i s  s tim u lus in  the 
i l l u s t r a t i o n s  o f  Zeese e t  a l .  (1977) and Shahrokhi e t  a l .  (1978). To 
s l id e s  o f  faces  i t  appeared s l ig h t ly  l a t e r  (290 m sec), in  keeping w ith  
th e  P300 la te n cy  o f 320 msec desc rib ed  by L i f s h i tz  (1966) in  response to  
s c e n ic , nude and m edical s l id e s  but co n sid e rab ly  e a r l i e r  than  the  P300 o f 
366 msec to  co loured  scenes rep o rted  by Shulman-Galambos and Galambos 
(1978) and to  th e  p o s i t iv i ty  between 350-500 msec d escribed  by N e v ille  e t  
a l  (1982), who p resen ted  coloured  s l id e s  o f peop le , p laces  and p a in t in g s .
As p re d ic te d , th e  r e s u l t s  a ls o  show th a t  P300 o ccu rs , in  response 
to  fa c e s , w ith  a  r ig h t  hem isphere am plitude s u p e r io r i ty  s ig n i f ic a n t ly  
g re a te r  than  th a t  found w ith  p a t te rn  re v e rsa l  and geom etric d e s ig n s . The 
r ig h t  hem isphere th e re fo re  seems to  be more involved vhen p ro cessin g  
fa c e s  than  during  e v a lu a tio n  o f o th e r  v is u a l  s t im u li  and th e  asymmetry 
ap p ears  to  be a sso c ia te d  w ith  " f e c ia l  fa c to r s "  r a th e r  than com plex ity . 
The r ig h t  hem isphere am plitude s u p e r io r i ty  fo r  fa c es  was g en era l and d id  
no t show any d if fe re n c e  between e le c tro d e  s i t e s .  Consequently, th e re  i s  
no ev idence o f a  l a t e r a l i s e d ,  d is c r e te ly  lo c a lis e d  f e c ia l  p ro cessin g  
a re a .
The d is s im ila r  topograph ies o f PlOO and P300 suggest th a t  th e se  two 
components may have d i f f e r e n t  c o r t i c a l  g e n e ra to rs . With a l l  fou r 
c o n d itio n s , PlOO was c le a r ly  maximal in  o c c ip i ta l  reg io n s . T his f in d in g  
co rresponds to  th e  rep o rted  a re a  o f maximum am plitude o f PlOO to  f la s h
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(Kooi e t  a l . ,  1965) and p a t te rn  re v e rs a l  (H a llid ay , McDonald and Mushin, 
1973). In  c o n t r a s t ,  P300 appeared la rg e r  in  both  o c c ip i ta l  and tem poral 
a re a s ;  t h i s  was most marked w ith  face  s t im u l i .  The more widespread 
d i s t r ib u t io n  o f t h i s  ccmponent su g g es ts  i t  has an a l te r n a t iv e  s i t e  of 
p ro d uction  to  th a t  o f PlOO, p o ss ib ly  w ith in  th e  a s s o c ia t io n  a re a s . This 
fin d in g  i s  in  keeping w ith  th e  lo c a l i s a t io n  o f th e  l a te  V .E.P. waveform 
(100-300 msec) found w ith  sim ultaneous s c a lp  and c o r t ic a l  re co rd in g s  by 
Heath and G a lb ra ith  (1966), who suggested  th a t  th e  l a t e r  components 
recorded  from th e  o c c ip i ta l  s c a lp  may o r ig in a te  p rim arily  in  th e  tem poral 
c o r te x .
I t  should be noted th a t  PlOO a ls o  showed a r ig h t  g re a te r  than  l e f t  
am plitude asymmetry, bu t t h i s  appeared eq u a lly  w ith  a l l  c o n d itio n s . There 
was no a d d itio n a l PlOO r ig h t  sided  s u p e r io r i ty  to  faces  as occurs w ith  
P300; th e se  two components a re  th e re fo re  d i f f e r e n t i a l l y  a f fe c te d  by "face  
s t im u li" .  I f  i t  i s  accep ted  th a t  PlOO r e f l e c t s  th e  p h y sica l p ro p e r t ie s  
o f th e  s t im u li ,  then  th i s  r e s u l t  su p p o rts  th e  theo ry  th a t  P300 i s  in  fa c t  
more involved w ith  th e  c o g n itiv e , m eaningful co n ten t of th e  s l id e s .
The r e s u l t s  d id  not confirm  th e  f in d in g s  o f N ev ille  e t  a l  (1982) 
who re p o rted  P300 to  be la rg e r  fo r  s l id e s  th a t  were recognised  as opposed 
to  unrecogn ised . In th e  p re se n t s tu d y , no s ig n if ic a n t  d if f e re n c e s  were 
found between s l id e s  o f w ell known fa c es  and those  com pletely  unknown to  
th e  s u b je c ts .  However, the  s l id e s  used by N e v ille  e t  a l .  were coloured 
and were not lim ite d  to  fa c e s ; they  d ep ic ted  people, p laces  and p a in tin g s  
and a re  th e re fo re  not s t r i c t l y  com parable to  the  s tim u li  used in  th i s  
s tu d y .
Faces, geom etric desig n s  and th e  p a t te rn  re v e rsa l s l id e  were not 
matched fo r  lum inance; shapes and p a t te rn  re v e rsa l tended to  be s l ig h t ly
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b r ig h te r  than  th e  s l id e s  o f  fa c e s . W hilst a  d if fe re n c e  in  luminance might 
c o n tr ib u te  to  v a r ia t io n s  in  evoked p o te n t ia l  am plitude , i t  i s  d i f f i c u l t  
to  see  how i t  could  do so asym m etrica lly . Courchesne e t  a l .  (1978) found 
no d i s s im i la r i ty  between "P3" (300-600 msec) am plitudes o f b r ig h t  and dim 
s l id e s  b ea rin g  l e t t e r s .  However, t h e i r  re co rd in g s  were made fro n  m id lin e  
e le c tro d e s  (Fz, Cz and Rz) so  symmetry was not a s s e s s a b le .
The a n a ly s is  fo r  sex revealed  some in te r e s t in g  f in d in g s . Females 
showed g e n e ra lly  la rg e r  PlOO responses than  m ales, in  the o rd e r  o f 2 uV, 
and t h i s  was most obvious in  o c c ip i ta l  re g io n s . îfowever, th e re  was no 
d if fe re n c e  in  P300 am plitude between the  sex es . The la te n c ie s  o f bo th  
PlOO and P300 were e a r l i e r  in  fem ales than  m ales, by 7-8  ms and 24 ms 
re s p e c t iv e ly .  Comparison o f th e se  r e s u l t s  w ith  p rev ious s tu d ie s  proves 
d i f f i c u l t  fo r  very  few e a r l i e r  r e p o r ts  have in v e s tig a te d  sex d if fe re n c e s  
and th o se  th a t  have, have been s p e c i f ic  to  p a t te rn  r e v e r s a l .  The f in d in g s  
a r e  in  keeping w ith  K jaer (1985) who re p o r ts  a  la rg e r  am plitude and 
s h o r te r  E .P . la te n c y  in  fem ales. Yet G astone, C e le s ia  and Daly (1977), 
in  a  s e r ie s  o f 40 fem ales and 34 m ales, re p o r t th a t  the  am plitude o f th e  
V .E .P . d id  not vary  w ith  sex . Dustman e t  a l .  (1977), comparing 80 fem ale 
and 80 male s u b je c ts ,  found th a t  during  childhood the  male E .P .s  were 
la rg e r  than  those  o f fem ales but th e  rev e rse  was tru e  during  ado lescence  
and adu lthood . Fem ales' p o te n t ia l s  were then c o n s is te n tly  la rg e r  a lthough  
th e  d if f e r e n c e s  were not s p e c i f ic  to  any e le c tro d e  placem ent o r  
component.
One p o s s ib le  ex p lan a tio n  fo r  the  p re sen t d if fe re n c e s  found between 
th e  sexes i s  th a t  males have an in c reased  s k u ll  th ic k n e ss  which would 
a t te n u a te  th e  responses producing lower v o ltag e  p o te n t ia l s .  However, i f  
t r u e ,  a l l  components should be eq u a lly  a f fe c te d  and w hile PlOO was la rg e r  
in  fem ales than  m ales, P300 was n o t. S im ila r ly , on the assum ption th a t
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s k u ll  growth i s  l in e a r  throughout development in  both  sex es , i t  i s  hard 
to  ex p la in  th e  h ig h e r am plitude responses found in  boys compared to  g i r l s  
du rin g  childhood y e t the  converse in  l a t e r  l i f e  (Dustman e t  a l ,  1977). 
While a  s l ig h t  v a r ia t io n  in  s k u ll  th ic k n e ss  may account fo r  m inute la ten cy  
d if fe re n c e s  i t  i s  a lso  u n lik e ly  to  produce, in  m ales, a  P300 d e lay  o f 24 
ms. Hormonal changes may p lay  a  p a r t  bu t o therw ise  th e  r e s u l t s  remain 
unexp lained .
Age had no e f f e c t  on th e  la te n c ie s  o f e i th e r  PlOO o r  P300 and th e re  
was no g en era l e f f e c t  o f age on am plitude . However, w ith  PlOO, o ld e r  
s u b je c ts  tended to  show sm alle r responses w ith  both  face  c o n d itio n s  and 
geom etric  desig n s  but not w ith  p a t te rn  r e v e r s a l . C onversely, P300 was 
la rg e r  w ith  th e  two face  co n d itio n s  (b u t not w ith  th e  c o n tro l s t im u li)  in  
th e  o ld e r  s u b je c ts  compared to  the  young. Again, p rev ious l i t e r a t u r e  i s  
lim ite d  to  th e  e f f e c t s  o f age in  response to  p a t te rn  re v e rs a l  and con­
s id e ra b le  con tro v ersy  e x i s t s .  With regard  to  age and the  am plitude of 
PlOO, C e le s ia  and Daly (1977) re p o r t  no change; Perry  and C h ild e rs  
(1969), Dustman e t  a l  (1977) and K jaer (1985) s t a t e  th a t  th e re  i s  an 
am plitude re d u c tio n  w ith  advancing age w hile Kooi and Bagchi (1964) 
d e sc r ib e  an am plitude in c re a se  w ith  age. The only  m ention o f th e  re ­
la t io n s h ip  between P300 and age i s  by Dustman e t  a l .  (1977) who re p o r t  a 
re d u c tio n  o f th i s  ccmponent (w ith  p a t te rn  re v e r s a l)  from a  mean o f 7 uV 
a-t 13-20 y ea rs  to  4 uV between 60-70 y e a rs . There was no la te n cy  change 
w ith  age in  the  p re sen t s tudy  but the  genera l consensus seems to  be 
s l i g h t ly  prolonged components in  the  o ld e r  su b je c t by 7-14 ms fo r  PlOO 
(Asselman e t  a l . ,  1975; K jaer, 1985) and 20-30 ms fo r  P300 (Dustman e t  
a l . ,  1977).
To summarise the  main f in d in g s : Experiment 1 shows, th a t  in  re sp e c t
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to  P300, th e  r ig h t  hem isphere i s  more involved in  th e  p ro œ ss in g  o f faces  
( in  r ig h t  handed in d iv id u a ls )  compared to  o th e r  complex v is u a l s t im u li  
w ith  th e  r ig h t  o cc ip ito tem p o ra l reg io n  showing maximal re sp o n ses. No 




The evoked response to  face  and c o n tro l s t im u li 
in  l e f t  handed s u b je c ts
W hilst th e  a s s o c ia tio n  between the  l e f t  h an isp h ere  ard speech (and 
con v erse ly  the  r ig h t  hem isphere w ith  n o n - l in g u is t ic  fu n c tio n s )  se ans 
d e f in i t e  fo r  d e x tr a ls ,  th e  p ic tu re  i s  much le s s  c le a r  fo r  s i n i s t r a l s .  For 
example, numerous s tu d ie s  o f l e f t  handed a p h as ie s  have tended to  show a 
much lower p ro p o rtio n  o f l e f t  hem isphere le s io n s  and a  h ig h e r p ro p o rtio n  
o f r ig h t  hem isphere le s io n s  when compared to  r ig h t  handed aphasie  
groups. There i s  a lso  evidence to  show th a t  o f te n  (b u t not alw ays) 
ap h as ia  ten d s  to  be le s s  sev e re  in  l e f t  handed c a se s , (C hesner, 1936). 
Such f a c ts  have been thought by scxne to  r e f l e c t  more r ig h t  hem isphere o r  
b i l a t e r a l  re p re se n ta tio n  o f speech in  l e f t  harriers (S u b iran a , 1958, 
Zangw ill 1960) and support fo r  such a  c o n ten tio n  comes from the  
exam ination o f l e f t  handers using  th e  Wada tech n iq u e , (Wada and 
Rasmussen, 1960). This i s  a  method fo r  u n eq u iv o ca lly  determ in ing  which 
c e re b ra l  hem isphere p lays th e  m ajor ro le  in  speech fu n c tio n . Follow ing an 
in je c t io n  o f a  ra p id ly  a c tin g  a n a e s th e tic  agen t in to  the  in te rn a l  c a ro tid  
a r te r y  (which su p p lie s  one s id e  o f th e  b ra in )  a  tem porary c e s s a tio n  of 
fu n c tio n  occurs producing hem ip leg ia , hem ianaethesia  and hem ianopia. I f  
th e  hem isphere in je c te d  i s  dominant fo r  language, dysphasia  a ls o  o ccu rs . 
The e f f e c t s  c le a r  w ith in  about f iv e  m inutes though s u b tle  changes in  
language fu n c tio n  may be e l i c i t e d  on c a re fu l  exam ination  fo r  as  long as 
h a l f  an hour a f t e r  th e  in je c t io n .  Both hem ispheres can be in v e s tig a te d
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s in c e  s e p a ra te  in je c t io n s  can be made on e i th e r  s id e  on two d if f e r e n t  
o c ca s io n s . [ I t  should be mentioned a t  t h i s  p o in t th a t  a  fu r th e r  
com p lica tio n  a r i s e s  because pure  l e f t  handedness i s  r a r e  and mixed 
handedness r e l a t i v e ly  common, (A n n e tt, 1 9 6 7 ) ,] .
Branch e t  a l  (1964), u s in g  th e  in t r a c a r o t id  sodium amytal t e s t  on 
s u b je c ts  under c o n s id e ra tio n  fo r  b ra in  su rg e ry , found a  marked d if fe re n c e  
between th e  r e la t io n s h ip  o f handedness to  speech l a t é r a l i s a t i o n  in  r ig h t  
and n o n -r ig h t handed p a t ie n ts ,  a s  shown in  th e  fo llow ing  ta b le .
Speech re p re se n ta tio n  
Handedness No o f c ases  L e ft B i la te r a l  R ight
R igh t 48 90% 0% 10%
Ambidextrous 20 60% 30% 10%
L e ft 51 43% 8% 49%
The r ig h t  handed s u b je c ts  a re  n e a r ly  a l l  l e f t  hem isphere dominant 
f o r  speech (90%). They show an absence o f b i l a t e r a l  re p re se n ta tio n  (0%) 
and only  a  sm all p e rcen tag e  o f r i g h t  s id ed  re p re se n ta tio n  (10%). The 
am bidextrous group a re  a ls o  m ostly  l e f t  hem isphere dominant fo r  speech 
(60%), bu t they  have a  much h ig h e r pe rcen tag e  o f b i l a t e r a l  re p re se n ta tio n  
(30%) and a  sm all amount o f r ig h t  hemisjAiere dominance (10%). The l e f t  
handed group however show a  f a i r l y  equal d i s t r ib u t io n  between th e  r ig h t  
and l e f t  hemisjAieres (43% v s  49%) and on ly  a  sm all amount o f b i l a t e r a l  
re p re s e n ta t io n  (8%). The r ig h t  hemis^Aere speech dominance in  t h i s  group 
(49%) i s  much h ig h e r compared to  th e  r ig h t  handed o r  am bidextrous 
s u b je c ts .
A c lo s e r  exam ination by M ilner (1974) shows a fu r th e r  d if fe re n c e  
\dien the  l e f t  handed group o f  p a t ie n ts  a re  d iv ided  in to  those w ith  and 
w ithout c l i n i c a l  evidence o f e a r ly  l e f t  hemispAiere damage (w ith in  the 
f i r s t  f iv e  y ea rs  o f l i f e ) .
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w ith  e a r ly  l e f t  
hem isphere damage
Speech R ep resen ta tio n
Handedness No o f cases L e ft B i la te r a l R ight
R ight 95 92% 1% 7%
L e ft o r am bidextrous 
w ithou t e a r ly  l e f t  
hem isphere damage
74 69% 13% 18%
L eft o r  am bidextrous 43 30% 16% 54%
I t  becomes c le a r  th a t  th e  "normal" l e f t  handers have a much h ig h e r 
p ro p o rtio n  o f l e f t  s id ed  speech re p re s e n ta t io n  (69%) when compared to  
th o se  w ith  e a r ly  l e f t  hem isphere damage, (30%). The d if f e re n c e  between 
th e se  two n o n -r ig h t handed groups seams to  im ply, in  scxne cases  a t  l e a s t ,  
t h a t  r ig h t  hem isphere speech re p re s e n ta t io n  i s  a  r e f le c t io n  o f  e a r ly  l e f t  
hem isphere damage. However, th e  "noim al" l e f t  harriers s t i l l  show le s s  
l e f t  s ided  and more r ig h t  s id ed  speech re p re s e n ta t io n  th an  r i g h t  h an d ers . 
S im ila r f in d in g s  have been re p o rted  by R u sse ll and E sp ir (1961) in  t h e i r  
s tudy  o f trau m a tic  ap h as ia  and i t s  r e la t io n s h ip  to  handedness in  
p re v io u s ly  h e a lth y  men vho su s ta in ed  m is s i le  wounds to  th e  b ra in .
A more re c e n t s tu d y  by S tra u ss  and Wada (1983), u s ir^  the  \feda 
techn ique as p a r t  o f  th e  d ia g n o s tic  p rocedure in  q ) i l e p t i c  p a t ie n ts ,  
shows s im ila r  f in d in g s . The p reva lence  o f r ig h t  hem isphere speech 
dominance i s  s ig n i f ic a n t ly  h ig h e r among in d iv id u a ls  re p o rtin g  l e f t  (as  
opposed to  r ig h t )  sided  motor p re fe re n c e , as shown in  the  fo llow ing 
t a b l e .
Speech dominant hem isphere 










The a u th o rs  observe  th a t  " th e  p ro p o rtio n  o f u n i l a t e r a l ,  l e f t  hem isphere 
r e p re s e n ta t io n  o f speech in  th e  r ig h t  handed and r ig h t  footed  group (more 
than  90%) i s  co n s id e rab ly  h ig h e r than  th a t  observed in  the  l e f t  handed 
and l e f t  fo o te d , even when th e  l e f t  handed and l e f t  foo ted  w ith  e a r ly  
b ra in  damage a re  ex c lu d ed ."  Thus the  lik e lih o o d  o f a  "normal" s i n i s t r a l  
having l e f t  hem isphere speech re p re se n ta tio n  (and consequently  non-verbal 
fu n c tio n s  in  th e  r ig h t  hem isphere) i s  m arkedly reduced compared to  a 
r ig h t  hander.
The second experim ent in  the  p re sen t in v e s t ig a t io n ,  in v o lv in g  the  
same procedure  as th e  f i r s t ,  was th e re fo re  c a r r ie d  out on a group o f l e f t  
handed normal s u b je c ts .  Because, in  th eo ry , th e se  c o n tro ls  should have 
a  h ig h e r p ro p o r tio n  o f r ig h t  hem isphere speech re p re s e n ta t io n , (and 
consequen tly  non-verbal fu n c tio n s , i . e .  f a c ia l  re c o g n itio n , in  th e  l e f t  
hem isphere) th e  r ig h t  g re a te r  than  l e f t  P300 am plitude asymmetry, 
p re v io u s ly  observed in  r ig h t  handers, should not be a p p a ren t. To tak e  an 
extrem e example: i f  th e  e n t i r e  l e f t  handed group were to  have r ig h t
hem isphere speech re p re s e n ta t io n , then  th e  P300 emf±iasis to  f a c ia l  
s t im u li  ought to  appear w ith  a  c le a r  reversed  asymmetry ( i . e .  l e f t
g re a te r  than  r i g h t ) .  However, to  o b ta in  such a hcxnologous sample of 
s u b je c ts  i s  obv iously  h ig h ly  u n lik e ly . So, tak in g  in to  c o n s id e ra tio n  
th a t  s u b je c ts  m ight have l e f t ,  r ig h t  o r  b i l a t e r a l  speech re p re se n t­
a t io n  and hence be e i th e r  r ig h t  o r  l e f t  hem isphere dominant f o r  f a c ia l
re c o g n itio n  (though d e f in i t e ly  having a h ig h e r p ro p o rtio n  o f l e f t  sided  
non-verbal fu n c tio n s  than  d e x t r a l s ) , i t  was expected th a t  th e  l e f t  handed 
group, in  response to  face  s t im u li ,  would show no s ig n i f ic a n t  P300 
am plitude asymmetry o r  a l t e r n a t iv e ly  a weak l e f t  g r e a te r  th an  r i g h t  P300 
am plitude  em phasis.
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B rief procedure
Twenty two l e f t  handed s u b je c ts ,  15 fem ales and 7 males were 
s tu d ie d . T heir ages ranged from 14 to  62 y e a r s ,  mean age 32 .9  y e a rs . Each 
s u b je c t was re q u ired  to  f i l l  in  a  handedness q u e s tio n n a ire , a  
m o d if ica tio n  o f the  O ld fie ld  In v en to ry , p r io r  to  t e s t in g .  (T h is was 
om itted  in  th re e  s u b je c ts ) .  From Table 5 :1  i t  i s  ev id en t th a t  most 
s u b je c ts  were s tro n g ly  l e f t  handed, 74% (14 /19) being l e f t  sided  fo r  a l l  
o f th e  7 in v en to ry  item s. Only 26% o f  s u b je c ts  (5 /1 9 ) showed any r ig h t  
s id ed  p re fe re n c e , and those  who d id  always w rote w ith  th e  l e f t  hand and 
undertook more a c t i v i t i e s  w ith  th e  l e f t ,  th an  w ith  th e  r i g h t .
No su b je c t gave any h is to ry  o f  a  change in  l a t e r a l  p re fe ren ce  
excep t s u b je c t X .G ., who su ffe re d  a  f ra c tu re d  s k u l l  a t  age 5 y e a rs . She 
was unsure  i f  t h i s  in ju ry  preceded h e r l e f t  handedness. The o v e ra l l  
group th e re fo re  showed no evidence o f con tam ination  by e a r ly  n eu ro lo g ica l 
i n s u l t .  The m a jo rity , 59% (1 3 /2 2 ), gave a  p o s i t iv e  fam ily  h is to ry  o f l e f t  
handedness, 41% (9 /22) d id  n o t. In a l l  s u b je c ts  v is u a l a c u ity  was 6 /9  o r  
b e t t e r  in  each eye, excep t M .L., whose l e f t  eye scored 6 /1 8 . F ourteen  
c o n tro ls  were r ig h t  eye d a n in an t, f iv e  were l e f t  eye dominant and th re e  
were no t te s te d .
Each su b je c t viewed th e  fo u r ty p es  o f s t im u li  (known and unknown 
fa c e s , geom etric desig n s  and p a t te rn  r e v e r s a l)  during  a  s in g le  s e s s io n . 
The p re s e n ta tio n  sequence o f th e  c o n d itio n s  was randomised to  overccme 
any o rd e r e f f e c t .  Forty-tw o sweeps were averaged fo r  known faces  and 
s ix ty - fo u r  sweeps fo r  the o th e r  th re e  c o n d itio n s . F h tte rn  re v e rsa l  
a l te rn a te d  once every 1 .5  seconds. As w ith  Experim ent 1, the  re c o rd in g s  
were made from e le c tro d e s  p laced  over th e  r ig h t  and l e f t  p o s te r io r  temp­
o r a l ,  p a r i e t a l  and o c c ip i ta l  re g io n s , w ith  Fz a c tin g  as th e  r e fe re n c e .
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LEFT HANDERS TABLE 5:1
S u b j e c t
n=22
H a n d e d n e s s  E ye d o m in a n c e  C h an g e  F a m ily  H i s t o r y
L e f t R ig h t
AM 7 0 L No No
SM * * R 11
EC 7 0 L II Yes
NB 7 0 L 11 No
RW 7 0 L 11 Yes
XG * * L p o s s  . No
PS 7 0 L No Yes
NA 4 3 R 11 No
GA * * L II Yes
SN 7 0 L II No
ML 7 0 L II Yes
JB 5 2 L II Yes
HW 4 3 R 11 Yes
BH 7 0 R 11 Yes
LN 7 0 * I t No
MN 7 0 * 11 No
BF 7 0 L 11 Yes
RQ 7 0 * 11 Yes
DL 6 1 L 11 Yes
LH 5 2 R 11 No
DT 7 0 L 11 Yes
FA 7 0 L II Yes
V a lu e s u n d e r h a n d e d n e s s i n d i c a t e  t h e n u m b er o f a c t i v i t i e s
u n d e r t a k e n  w i t h  t h e  l e f t  o r  t h e  r i g h t  h a n d ,  s c o r e d  f ro m a 
m o d i f i e d  v e r s i o n  o f  t h e  O l d f i e l d  I n v e n t o r y .  T o t a l  number  
o f  a c t i v i t i e s  = 7.
* D a t a  u n a v a i l a b l e
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R esu lts
Evoked p o te n t ia l s  were c o n s is te n t ly  recorded  fro n  each l e f t  handed 
s u b je c t a t  a l l  e le c tro d e  s i t e s  fo r  th e  fo u r c o n d itio n s  and th e  ty p ic a l 
response  r e p l ic a te d  th e  waveform p re v io u s ly  shown by th e  r ig h t  handed 
c o n tro ls .  T ables 5 :2  and 5 :3  g ive  th e  mean la te n c ie s  and am plitudes fo r  
PlOO and P300 re s p e c tiv e ly , a t  each e le c tro d e  s i t e  fo r  th e  fo u r types of 
s t im u l i .
The d a ta  from Experiment 2 conform to  th e  same f a c to r i a l  a n a ly s is  
o f  v a rian ce  (ANOVA) design  used in  th e  l a s t  experim ent. An ANOVA was 
perform ed s e p a ra te ly  on each o f th e  fo u r dependent v a r ia b le s ,  namely PlOO 
am plitude , PlOO la te n c y , P300 am plitude and P300 la te n c y .
ANOVA: PlOO am plitude
Table 5 :4  and Fig 5 :5  p re se n t th e  ANOVA r e s u l t s  fo r  PlOO 
am plitude , p< 0 .05  ag a in  being regarded  a s  s ig n i f ic a n t  in  re s p e c t to  the  
ta b le  o f p r o b a b i l i t i e s .  Ih e re  i s  a s ig n i f ic a n t  e f f e c t  of c o n d itio n , 
F (3 ,54)=  8 .3 0 , p< 0 .001 , due to  PlOO being  o f la rg e r  am plitude w ith  both 
known and unknown faces  than w ith  geom etric  d esig n s  and p a t te rn  r e v e r s a l . 
The mean PlOO am plitude fo r  each c o n d itio n , i r r e s p e c t iv e  o f l a t e r a l i t y  
and e le c tro d e  p o s i t io n , was a s  fo llo w s: known faces  10.3  uV, unknown
fa c es  10.5  uV, geom etric d esigns 8 .5  uV and p a t te rn  re v e rs a l  7 .5  uV.
PlOO, in  response to  s l id e s  o f fa c e s , was th e re fo re  approx im ately  2-3 uV
la rg e r  than  w ith  geom etric designs and p a t te rn  r e v e r s a l .  The p o s i t io n  of
e le c tro d e s  a ls o  proved s ig n i f ic a n t ,  F (2 ,36)  = 44 .0 9 , p< 0 .0 0 1 , w ith
o c c ip i ta l  reg io n s  showing maximum am plitude (12 .8  uV) conpared to  
tem poral (7 .8  uV) and p a r ie ta l  (6 .9  uV) a re a s .
T his e f f e c t  o f p o s i t io n  in te r a c t s  w ith  c o n d itio n , F (6 ,108)=  7 .5 4 , 
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PlOO AMPLITUDE TABLE 5:4
ANOVA Table of probabilities for Experiment 2
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s i t e s  ( i r r e s p e c t iv e  o f l a t é r a l i s a t i o n )  f o r  each c o n d itio n , and shows th e  
in te r a c t io n  to  be due to  PlOO o c cu rrin g  w ith  sm a lle r am plitudes in  
te n p o ra l and p a r i e t a l  a re a s  (b u t no t o c c ip i ta l  ly )  w ith  p a t te rn  re v e rsa l  
conpared to  th e  o th e r  c o n d itio n s .
The l a t e r a l i t y  x p o s i t io n  in te r a c t io n  i s  j u s t  s ig n i f ic a n t ,  F (2 ,3 6 ) 
= 3 .2 9 , p< 0 .0 5 . Table 5 :7  shows t h i s  e f f e c t  to  be caused by th e  r ig h t  
hem isphere showing s l ig h t ly  la rg e r  am plitude responses than  the  l e f t  
s id e  ( in  th e  o rd e r o f  0 .7  to  1 .0  uV) in  to n p o ra l and p a r ie ta l  a re a s , 
b u t not in  o c c ip i ta l  re g io n s .
ANOVA: PlOO Latency
The Anova r e s u l t s  fo r  PlOO la te n c y  a re  shown in  Table 5 :8  and F ig  
5 :9 . The only  s ig n i f ic a n t  r e s u l t  i s  a  g enera l e f f e c t  o f c o n d itio n , F 
(3 ,54)=  13 .47 , p< 0 .001 , due to  PlOO o ccu rrin g  e a r l i e r  w ith  th e  c o n tro l 
c o n d itio n s  compared to  s l id e s  of fa c e s . The mean PlOO la te n cy  (tak en  
w ithou t regard  to  l a t é r a l i s a t i o n  o r  e le c tro d e  p o s it io n )  fo r  each 
co n d itio n  was: bo th  known and unknown faces  108.5 ms, geom etric d esigns 
94 .0  ms and p a t te rn  re v e rsa l  93 .9  ms. PlOO th e re fo re  occurs  approxim ately  
14 ms e a r l i e r  w ith  geom etric  desig n s  and p a t te rn  re v e rs a l  when compared 
to  both  ty p es  o f face  s t im u l i .
ANOVA: P300 Amplitude
The Anova P300 r e s u l t s  a re  shown in  Table 5:10 and F ig  5 :1 1 . There 
i s  a g en era l e f f e c t  o f c o n d itio n , F (3 ,54)=  6 .8 0 , p <0.001, w ith  known 
and unknown face  s l id e s  evoking h ig h e r am plitude responses than  geom etric 
d e s ig n s , which in  tu rn  produce la rg e r  P300s than  p a t te rn  r e v e r s a l . The 
o v e ra l l  mean P300 am plitude fo r  each co n d itio n  was as fo llo w s: known
fa c es  13 .5  uV, unknown fe c es  13.4 uv , geom etric desig n s  9 .9  uV and 
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PlOO LATENCY TABLE 5:8
ANOVA Table of probabilities for Experiment 2
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P300 AMPLITUDE TABLE 5:10
ANOVA Table of probabilities for Experiment 2
















































































































































































uV and 6 .3  uV la rg e r  than  gecxnetric desig n s  and p a tte rn  re v e rs a l  
re s p e c tiv e ly .
There i s  a ls o  a  g en e ra l e f f e c t  o f p o s i t io n , F (2 ,3 6 ) = 13 .0 ,
p<0.001, which does not i n te r a c t  w ith  l a t e r a l i t y .  The mean P300 am plitude 
f o r  th e  th re e  e le c tro d e  s i t e s  ( i r r e s p e c t iv e  o f hem isphere and co n d itio n ) 
was: tem poral 12.2  uV, p a r i e t a l  8 .7  uV and o c c ip i ta l  12.2 uV. This e f f e c t  
o f p o s i t io n  shows a s ig n i f ic a n t  in te r a c t io n  w ith  c o n d itio n , F (6 ,108)=  
7 .0 , p< 0 .001 . Table 5 :12  shows th e  mean P300 am plitude a t  each e le c tro d e  
s i t e  ( i r r e s p e c t iv e  o f l a t é r a l i s a t i o n )  under the  fou r c o n d itio n s  and 
in d ic a te s  th a t  th e  in te r a c t io n  i s  due to  P300 appearing  in  th e  p a r ie ta l  
reg io n  w ith  face  s t im u li  a t  a  much sm a lle r am plitude compared to  th e  same 
a re a  du ring  th e  c o n tro l c o n d itio n s .
I t  should be noted th a t  th e re  i s  no s ig n i f ic a n t  l a t e r a l i t y  e f f e c t  
o r  l a t e r a l i t y  x co n d itio n  in te r a c t io n  fo r  P300 am plitude .
ANOVA: P300 Latency
Table 5 :13  and F ig  5 :14  show th e  ANOVA r e s u l t s  fo r  P300 la te n c y . 
The e f f e c t  o f l a t e r a l i t y  i s  j u s t  s ig n i f i c a n t ,  F (1 ,1 8 ) = 6 .0 6 , p <0.05, 
due to  P300 o ccu rrin g  1 .4  ms l a t e r  over th e  r ig h t  hem isphere (mean 281.6 
ms) compared to  th e  l e f t  s id e  (mean 280.2 m s). There i s  a ls o  a  c o n d itio n  
X l a t e r a l i t y  x p o s i t io n  in te r a c t io n  which i s  j u s t  s ig n i f ic a n t ,  F (6 ,108)=  
2 .1 9 , p< 0 .0 5 . Table 5:15 g iv es  the  mean P300 la te n c ie s  accord ing  to  
c o n d itio n , e le c tro d e  p o s i t io n  and l a t e r a l i t y  and shows th e  c a lc u la te d  
d if f e r e n c e s  in  la te n cy  between th e  two hem ispheres. The s ig n i f ic a n t  
in te r a c t io n  appears  to  be due to  th e  f a c t  th a t  the  d if fe re n c e  between th e  
r ig h t  and l e f t  p a r i e t a l  r i i o n s ,  du ring  the  known face  c o n d itio n , i s  
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ANOVA Table of probabilities for Experiment 2
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E ffe c ts  o f  Sex:
There were 15 fem ale and 7 male s u b je c ts .  The ANOVAs fo r  PlOO 
am plitude , PlOO la te n cy  and P300 am plitude show no s ig n if ic a n t  sex 
e f f e c t s .  With P300 la te n c y  th e re  i s  a  s ig n i f ic a n t  co n d itio n  x l a t e r u l i t y  
X p o s it io n  x sex x age in te r a c t io n ,  F (6 ,108 ) = 2 .9 4 , p< 0 .0 5 .
E f fe c ts  o f Age:
For age, the  su b je c ts  were d iv id ed  in to  two groups, le s s  than  26 
y e a rs , n = 8 (4 fem ales, 4 m ales) and over 26 y e a rs , n = 14 (11 fem ales, 
3 m a les).
Age & PlOO Amplitude
With PlOO am plitude th e re  was no genera l e f f e c t  of age, but th e re  
was a  s ig n i f ic a n t  c o n d itio n  x age in te r a c t io n ,  F (3 ,5 4 ) = 2 .9 4 , p< 0 .0 5 . 
These two fa c to r s  a lso  in te ra c te d  w ith  p o s i t io n :  c o n d itio n  x p o s it io n  x
age, F (6 ,108) — 3 .5 3 , p< 0 .0 1 . Table 5:16 shows th e  mean PlOO am plitude 
v a lu es  under each c o n d itio n  a t  the  th re e  e le c tro d e  s i t e s  ( i r r e s p e c t iv e  of 
sex and l a t e r a l i t y )  fo r  each age group. The d if fe re n c e s  in  th e  PlOO 
am plitudes between th e  two age groups have been c a lc u la te d  and a re  shown 
in  p a re n th e se s . These v a lu es  in d ic a te  th a t  g e n e ra lly  th e  am plitude o f 
PlOO i s  very s im ila r  between th e  two age groups a t  the  same e le c tro d e  
s i t e  and under the  same c o n d itio n , d if f e re n c e s  when p re sen t being in  the  
o rd e r  o f 1-2 uV. The s ig n i f ic a n t  in te r a c t io n  appears to  be due to  the  
much la rg e r  d if f e re n c e s  (4 -5  uV) between th e  two age groups in  o c c ip i ta l  
reg io n s  w ith  both known and unknown face  c o n d itio n s . In both c a s e s , in  
o c c ip i ta l  a re a s , the  younger age group shows h ig h e r am plitude responses 
than  the  o ld e r  s u b je c ts .
Age & PlOO Latency





























































































































































s ig n i f ic a n t ,  F (1 ,18)=  4 .4 8 , p< 0 .0 5 . I b i s  does not in te r a c t  w ith  sex and 
so th e  s u b je c ts  have been d iv id ed  in to  two groups (under and above 
26 y e a rs)  r e g a rd le s s  o f sex and th e  o v e ra l l  mean PlOO la te n c ie s  
c a lc u la te d  fo r  bo th  groups. The means were 109.5 ms and 97 .9  ms fo r  the  
young and o ld  groups re s p e c tiv e ly , th e  s ig n i f ic a n t  e f f e c t  o f age being 
due to  PlOO o c cu rrin g  11 ms e a r l i e r  in  o ld e r  s u b je c ts .
There i s  a ls o  a  c o n d itio n  x l a t e r a l i t y  x p o s it io n  x age e f f e c t ,  F 
(6 ,108) = 2 .4 8 , p< 0 .0 5 .
Age & P300 Amplitude
For P300 am plitude , th e re  was a  s ig n i f ic a n t  e f f e c t  between 
l a t e r a l i t y  and age, F (1 ,18)=  4 .5 5 , p< 0 .05  bu t no o th e r  in te r a c t io n s .  
The o v e ra l l  mean am plitudes o f P300 over th e  r ig h t  and l e f t  hem ispheres 
f o r  th e  young and o ld  age groups were as  fo llo w s: under 26 y e a rs , r ig h t
11.2 uV, l e f t  9 .6  uV; ov er 26 y e a rs , r ig h t  10 .6  uV, l e f t  11.0 uV. The 
l a t e r a l i t y  x age e f f e c t  seems to  be due, not to  the  d if fe re n c e  between 
th e  hem ispheres o f th e  o ld e r  age group which was sm all (0 .4  uV) but to  
th e  g re a te r  d iscrepancy  (1 .6  uV) in  the  younger age group. S u b je c ts  under 
26 y e a rs  showed s ig n i f ic a n t ly  la rg e r  P300 am plitudes over th e  r ig h t  
hem isphere compared to  th e  l e f t  s id e  and t h i s  occurred  e q u a lly  w ith  a l l  
fo u r c o n d itio n s , i r r e s p e c t iv e  o f sex and e le c tro d e  p o s i t io n .
Age & P300 Latency
The ANOVA fo r  P300 la ten cy  shows a s ig n i f ic a n t  l a t e r a l i t y  x age 
e f f e c t ,  F (1 ,18)=  4 .6 0 , p< 0 .0 5 , and th e se  two fa c to r s  in te r a c t  w ith 
p o s i t io n ,  F (2 ,36)=  4 .6 0 , p<0.05. Table 5:17 g iv es  the  mean P300 la te n cy  
a t  th e  th re e  e le c tro d e  p o s i t io n s  over each hem isphere, fo r  th e  two age 
g roups. The d if fe re n c e s  in  la ten cy  between each hem isphere have a lso  been 
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in  th e  o rd e r  o f  1-2 ms, bu t from th e  ta b le  i t  can be seen th a t  P300 
occurs  much e a r l i e r  on th e  l e f t  s id e  (a  d if f e re n c e  o f approxim ately  8 ms) 
in  th e  p a r i e t a l  reg io n  o f th e  younger age group, g iv ing  r i s e  to  tb s  
s ig n i f ic a n t  l a t e r a l i t y  x p o s it io n  x age in te r a c t io n .
D iscussion  o f r e s u l t s .
In  many re s p e c ts  the  r e s u l t s  from the  l e f t  handed su b je c ts  
r e p l ic a te  th o se  o f th e  r ig h t  handed group desc rib ed  in  Experiment 1. 
PlOO, acco rd ing  to  th e  c o n d itio n , appears w ith  s im ila r  mean la te n c ie s  and 
am p litu d es, maximum v o lta g e  again  o ccu rrin g  in  o c c ip i ta l  re g io n s . The 
l e f t  handers show th e  same PlOO la te n cy  d iscrep an cy  between co n d itio n s  as  
th e  r ig h t  handed group, i . e .  t h i s  component occurs e a r l i e r  w ith  geom etric 
d esig n s  and p a t te rn  re v e rs a l  compared to  known and unknown face  s t im u li .  
The d if fe re n c e  however i s  le s s  marked in  th e  l e f t  handers, being 
approxim ately  14 msec compared to  the  25 msec d if fe re n c e  observed in  the  
r ig h t  han d ers.
The r e s u l t s  fo r  P300 am plitude and la ten cy  a ls o  resem ble those  of 
Experiment 1. This component again  shows maximum am plitude in  tem poral 
and o c c ip i ta l  a re a s  and occurs w ith  a h ig h e r am plitude during  bo th  fe.ce 
co n d itio n s  compared to  geom etric desig n s  and p a t te rn  r e v e r s a l .  Taking 
in to  c o n s id e ra tio n  the  marked v a r i a b i l i ty  in  the  la te n cy  of P300 
( r e f le c te d  in  th e  la rg e  s tandard  d e v ia t io n s )  th e  tim es a re  not u n lik e  
th o se  o f th e  r ig h t  handed group. However, th e  l e f t  handers show a f a i r l y  
uniform  P300 la te n c y  during  a l l  fou r c o n d itio n s  (272-287 ms). The 
p rev ious la te n cy  d if fe re n c e  observed in  th e  r ig h t  handed group, between 
th e  face  c o n d itio n s  (289-293 ms) and the  c o n tro l s t im u li  (265-279 m s), i s  
no t a p p a ren t. The l e f t  handers do show an in te r e s t in g  g en era l l a t e r a l i t y
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e f f e c t  fo r  P300 la te n c y  w ith  t h i s  conponent occu rrin g  approxim ately  1 .4  
msec l a t e r  in  th e  r ig h t  hem isphere (compared to  the  l e f t  s id e )  during
each c o n d itio n  and a t  a l l  e le c tro d e  s i t e s .
There were no s t r ik in g  e f f e c t s  o f sex on any of the  component
v a r ia b le s  so a lthough  th e  p rev ious r ig h t  handed group d id  show sig n ­
i f i c a n t  f in d in g s  r e la te d  to  sex they  have not been r e p l ic a te d .  This lack  
o f r e p ro d u c ib i l i ty  i s  in  accordance w ith  th e  c o n f l ic t in g  r e s u l t s  reg ard ­
ing  sex e f f e c t s  in  th e  l i t e r a t u r e  (Gastone e t  a l  1977; Dustman e t  a l ,  
1977). Age again  proved s ig n i f ic a n t  fo r  PlOO. As w ith  r ig h t  handed
s u b je c ts ,  th e  o ld e r  l e f t  handed group showed sm a lle r am plitudes f o r  th i s  
component w ith  face  s l id e s  compared to  younger c o n tro ls .  There was no 
d if fe re n c e  in  P300 am plitude between th e  age groups. While Experim ent 1 
re p o rte d  no d if fe re n c e  in  th e  la te n cy  o f  e i t h e r  PlOO o r  P300 w ith  age,
th e  l e f t  handers showed e a r l i e r  PlOO la te n c ie s  w ith  in c re a s in g  age.
The most im portan t f in d in g  of Experiment 2 i s  t t e  lack  of a 
s ig n i f ic a n t  l a t e r a l i t y  x co n d itio n  e f f e c t  fo r  P300 am plitude in  l e f t
h an d ers, a s  p re d ic te d . In o th e r  words, th e re  i s  no s ig n i f ic a n t  r ig h t
hem isphere am plitude s u p e r io r i ty  in  response to  faces  (a s  occurred  w ith
th e  r ig h t  handed s u b je c ts ) ,  nor i s  th e re  a  rev ersed  P300 am plitude  
asymmetry, i . e .  l e f t  g re a te r  than r i g h t .  Because the  l e f t  handers 
com prised a  group th a t  can be assumed to  have e i th e r  r ig h t  o r  l e f t
hem isphere non-verbal re p re s e n ta t io n , t h i s  n eg a tiv e  r e s u l t  su p p o rts  the  
c o n ten tio n  th a t  the  P300 am plitude asymmetry in  response to  face  s t im u l i ,  
p re v io u s ly  re p o rted  fo r  r ig h t  handers, does indeed r e f l e c t  o rg a n is a tio n  
o f c e re b ra l  fu n c tio n .
In  o rd e r  to  in v e s t ig a te  th i s  f in d in g  more f u l ly  th e  l e f t  handers 
can be f u r th e r  an a ly sed , fo r  th e re  i s  ev idence to  suggest th a t  a 
d i s t in c t io n  can be made between fa m ilia l  and n o n -fam ilia l l e f t  handers
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acco rd ing  to  which hem isphere i s  dominant fo r  speech. Z u rif and Bryden
(1969), d e f in in g  fa m il ia l  l e f t  handers a s  th o se  w ith  a t  l e a s t  one l e f t
handed p a re n t o r  s ib l in g ,  found th a t  such s u b je c ts  showed in c o n s is te n t
c e re b ra l  dominance accord ing  to  t e s t s  based on d ic h o tic  l i s te n in g  and 
ta c h is to s c o p ic  v is u a l  p re c e p tio n . N on-fam ilia l l e f t  handers however 
showed th e  u su a l l e f t  hem isphere dominance fo r  th e  p ro cessin g  o f v e rb a l
item s. Hecaen and Sauguet (1971) compared the  e f f e c t s  of l e f t  and r ig h t
hem isphere le s io n s  on language fu n c tio n s  among fa m ilia l  and n o n -fam ilia l 
l e f t  han d ers. Again, th e  f a m il ia l  group were eq u a lly  d iv ided  in  term s o f 
which hem isphere was dominant fo r  language, w hile  th e  n o n -fam ilia l group 
was alm ost e x c lu s iv e ly  l e f t  hem isphere dom inant. There i s  a lso  ev idence 
th a t  recovery  f ra n  ap h asia  i s  f a s t e r  and more com plete among fe m ilia l  
than  among n o n -fam ilia l l e f t  handers (L u ria , 1969), su g g estin g  th a t  th e  
form er group show a g re a te r  degree  o f equ i p o te n t i a l  i  ty  between 
h a n isp h e re s .
I t  was hypothesized  th e re fo re  th a t  th e  n o n -fa m ilia l group would 
produce r e s u l t s  s im ila r  to  the  r ig h t  h anders, i . e .  a  r ig h t  g re a te r  than  
l e f t  P300 am plitude  s u p e r io r i ty  to  face  s t im u l i ,  whereas the  f a m il ia l  
l e f t  handers would show no o v e ra l l  P300 asymmetry a s  a  group, (some being  
R>L and some L>R). The s tro n g ly  l e f t  handed s u b je c ts  (on ly  those  who 
scored  7 /7  on th e  handedness q u e s tio n n a ire )  were d iv ided  in to  two groups, 
namely th o se  w ith  and those  w ithou t a  fam ily  h is to ry  o f s i n i s t r a l i t y ,  n=9 
and 5 r e s p e c t iv e ly .  Using an A nalysis  o f V arian ce , t h e i r  evoked p o te n t ia l  
d a ta  were then  reanalysed  accord ing  to  th e se  two new c a te g o r is a t io n s .
A ll fo u r ANOVAs (aga in  performed s e p a ra te ly  on PlOO am p litu d e , PlOO 
la te n c y , P300 am plitude and P300 la te n c y )  showed no s ig n i f ic a n t  e f f e c t  
between la te n c y , c o n d itio n  and fa m il ia l  vs n o n -fa m ilia l s u b je c ts .  N e ith e r
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th e  f a m il ia l  l e f t  handers o r  those  w ith  a  n eg a tiv e  fam ily h is to ry  
th e re fo re  showed a  P300 am plitude asymmetry to  face  s t im u li  ; th e re  was no 
d if fe re n c e  between th e  two groups. While t h i s  r e s u l t  r e fu te s  th e  proposed 
h y p o th esis  i t  can perhaps be exp lained  by observ ing  th a t  th e  method used 
to  c a te g o r is e  th e  two groups co n ta in s  an in h e re n t drawback. A s u b je c t 's  
knowledge o f h is /h e r  fam ily  h is to ry  o f  l e f t  handedness may not be
f a c tu a l .  For example, a  s u b je c t may be ig n o ra n t concerning a p a ren t bom
l e f t  handed but who was, due to  s o c ia l  p re s su re s , fo rced  to  w rite  w ith  
th e  r ig h t  hand. The non fa m ilia l  group may then  be contam inated by 
s u b je c ts  who a c tu a l ly  should have been c la s s i f i e d  as  f a m il ia l  and any 
r e a l  d if f e re n c e  between th e  two c a te g o r ie s  i s  m inim ised.
To summarise th e  main f in d in g s  o f Experim ent 2:
In most re s p e c ts  th e  r e s u l t s  o f th e  l e f t  handed s u b je c ts  c lo se ly
resem ble those  rep o rted  fo r  the  r ig h t  han d ers. However, they  show no
s ig n i f ic a n t  P300 am plitude asymmetry to  face  s t im u li  even w ith  fu r th e r  
a n a ly s is  fo llow ing  the  c l a s s i f i c a t i o n  o f s u b je c ts  in to  those  w ith  ard 




The evoked response to  in v e rte d  face  s t im u li  
in  r ig h t  handed su b je c ts
The r e s u l t s  o f  th e  f i r s t  experim ent in  the  p re sen t s tudy  showed 
c le a r ly  th a t  in  r ig h t  handed normal c o n tro ls  u p r ig h t fa c e s  a r e  processed 
asym m etrical l y , w ith  a  s ig n i f ic a n t  r ig h t  hem isphere am plitude 
s u p e r io r i ty .  The re c < ^ n itio n  o f in v e rte d  fa c e s , however, appears to  be 
d is s o c ia b le  from th a t  o f u p rig h t fa c es  accord ing  to  th e  ev idence provided 
by Yin (1970). As desc rib ed  e a r l i e r ,  Yin observed th a t  p a t ie n ts  w ith  
r ig h t  p o s te r io r  b ra in  damage were im paired in  the  re c o g n itio n  o f u p r ig h t 
fa c e s  compared w ith  normal c o n tro ls  and o th e r  u n i la te r a l  p a t ie n t s ,  but 
t h e i r  perform ance w ith  in v e rte d  faces  was not i n f e r io r  to  t h a t  of the  
c o n tro ls  and was s ig n i f ic a n t ly  b e t t e r  than  the  l e f t  p o s te r io r  le s io n  
group . When th e  t e s t s  were repeated  w ith  p ic tu re s  o f houses, t h i s  in te r ­
a c t io n  was not found. R ecognition o f in v e rte d  fa c e s , th e re fo re ,  may not 
be s p e c i f ic a l ly  c a r r ie d  out in  the  r ig h t  hem isphere.
Unknown in v e rte d  faces
Yin s  r e s u l t s  have been e x tra p o la te d  to  th e  s i tu a t io n  vbere  normal 
s u b je c ts  a re  p resen ted  w ith  u p r ig h t and in v e rte d  faces  in  each h a l f  
f i e l d ,  th e  p re d ic tio n  being th a t  u p r ig h t fa c es  would be b e t t e r  recogn ised  
when shown in  the  l e f t  v is u a l f i e ld  ( r ig h t  hem isphere) w hile  in v e rted  
fa c e s  would be b e t te r  recognised  when p ro je c te d  to  the  r ig h t  v is u a l  f i e ld  
( l e f t  hem isphere). E l l i s  and Shepherd (1975) te s te d  th i s  h y p o th esis  in  
e ig h t  r ig h t  handed c o n tro ls ,  who were asked to  decide  w hether a fece 
exposed fo r  15 ms in  one h a lf  f i e ld  was th e  same as o r  d i f f e r e n t  from a
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ccm parison face  p re sen ted  f u l l - f i e l d  fo r  5 s e c s .  There was no d if fe re n c e  
in  accuracy  between u p r ig h t and in v e rte d  co n d itio n s  and re c o g n itio n  
perform ance was found to  be more a c c u ra te  fo r  bo th  types o f faces  %hen 
shown in  th e  l e f t  v is u a l  f i e ld  (LVF) re g a rd le s s  of o r ie n ta t io n .  This 
su g g es ts  th a t  fe c es  in  any o r ie n ta t io n  a re  p rocessed  b e t t e r  by th e  r ig h t  
hem isphere, a  f in d in g  a t  v a rian ce  w ith  th e  p re d ic tio n  based on Y in ’s
(1970) r e s u l t s  from b ra in  damaged p a t ie n t s .
That E l l i s  and Shepherd (1975) found no o v e ra l l  advantage f o r  the  
re c c ^ n i t io n  o f u p r ig h t fe c es  i s  a ls o  in  s t r ik in g  disagreem ent w ith  th e  
r e s u l t s  ob ta ined  using  a  v a r ie ty  o f n o n -ta c h is to sc o p ic  paradigm s; fo r  
example perform ance on u p r ig h t fa ces  has been shown to  be b e t t e r  than  
th a t  o f in v e rte d  faces  in  ta sk s  re q u ir in g  re c o g n itio n  o f fa m il ia r  faces  
(G o ld s te in , 1975; Rock, 1974) as  w ell a s  w ith  subsequent re c o g n itio n  of 
u n fa m ilia r  faces  (Hochberg and G alper 1967; Yarmey, 1971). L eA ey, Carey, 
Diamond and Cahn (1978) su g g est E l l i s  and S hep h erd 's  absence o f an in v e r­
s io n  e f f e c t  was due to  the  use o f such a  b r ie f  s tim u lu s  exposure tim e (15 
ms) which could have precluded th e  s t im u li  from being p rocessed  as 
fa c e s . Q ii (1977) has re p o rted  th a t  the  th re sh o ld  fo r  re c o g n itio n  o f a  
c e n t r a l ly  p resen ted  photograph o f a  h ig h ly  fa m il ia r  face  i s  app rox im ate ly  
42 ms. Using th e  same experim ental p rocedure  w ith  71 r i g h t  handed
c o n tro ls  (excep t fo r  b i l a t e r a l  ta c h is to s c o p ic  p re se n ta tio n  and a  much 
lo n g e r exposure tim e o f 120 ms) Leehey e t  a l  found th a t  fo r  bo th  ty p es  o f
s t im u li  th e re  was a l e f t  v isu a l f i e ld  advantage . However, w hile u p r ig h t
fa c e s  were recognised  s ig n i f ic a n t ly  b e t t e r  in  th e  l e f t  h a l f  f i e l d  (p < 
0 .001) than  in  the  r ig h t  h a lf  f i e l d  (RVF), th e  l e f t  v is u a l  f i e ld
advantage fo r  in v e r te d  feces  f a i le d  to  reach  s ig n if ic a n c e .  U prigh t fa c es
were a ls o  more a c c u ra te ly  recogn ised  than  in v e rte d  feces  (p  < 0 .0 1 ) ,  a
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r e s u l t  which d i f f e r s  f ro n  E l l i s  and Shepherd’s  f a i lu r e  to  find  an e f f e c t  
o f o r ie n ta t io n .  Lediey e t  a l  su g g est t h a t  th e  d i s c r ^ n c i e s  ( i . e .  the  
v is u a l  f i e ld  r e s u l t  and th e  o r ie n ta t io n  e f f e c t )  can be a t t r ib u te d  to  the 
d if fe re n c e  in  exposure d u ra tio n  between th e  two s tu d ie s .
Ledtiey e t  a l ’s  r e s u l t  th a t  u p r ig h t faces  show a l e f t  v isu a l f i e ld  
advantage r e p l ic a te  those  o f E l l i s  and Shepherd’s  experim ent using 
s im ila r ly  o r ie n ta te d  fa c e s . However, th e  f a c t  th a t  in v e rte d  faces  showed 
no such s ig n i f ic a n t  e f f e c t  i s  re le v a n t to  th e  is su e  o f a  ’’s p e c ia l i ty ” fo r  
f a c ia l  p ro cessin g  w ith in  th e  r ig h t  hem isphere. I f  th e  LVF ( r ig h t  hemi­
sphere) advantage m erely r e f l e c t s  a  s u p e r io r i ty  f o r  p ro cessin g  any type 
o f complex s tim u lu s  i t  should not be a f fe c te d  by in v e rs io n , s in ce  a face 
i s  e q u a lly  complex as a  v is u a l s tim u lu s  w hether u p rig h t o r  in v e r te d . On 
th e  o th e r  hand, i f  th e  LVF advantage im p lies  a  s u p e r io r i ty  s p e c if ic  to  
p ro cess in g  u p r ig h t fa c e s , then  in v e rs io n  o f th e  s tim u lu s  should reduce o r  
e lim in a te  any such e f f e c t .  Leehey e t  a l ’s  r e s u l t s  conform to  th e  l a t t e r  
su g g e s tio n , p rov id ing  evidence fo r  a  component of r ig h t  hem isphere
involvem ent which i s  s p e c ia l ,  in  the  sense th a t  th e  LVF advantage
o p e ra te s  w ith  u p r ig h t faces  but not w ith  in v e rte d  fa c e s .
Known in v e rte d  faces
The s tu d ie s  o f u p rig h t and in v e rte d  faces  d esc rib ed  up to  now have 
used fa c e s  o f people not known to  th e  s u b je c ts .  Encoding o f u n fa m ilia r  
fa c e s  may depend on r a th e r  d i f f e r e n t  p ro cesses  to  those  used in  the  
re c o g n itio n  of fa m ilia r  faces  and i t  i s  th e re fo re  of i n t e r e s t  to
a s c e r ta in  whether a  d i f f e r e n t  type o f l a t e r a l i t y  e f f e c t  i s  found when 
u p r ig h t and in v e rte d  f a m i l ia r ,  r a th e r  than  u n fa m ilia r , fa ces  a r e  used as 
s t im u l i .  The s tu d ie s  in  which l a t e r a l i t y  e f f e c t s  and th e  p ro cess in g  of 
u p r ig h t fa m ilia r  faces  have been in v e s t ig a te d  have n o t, u n fo r tu n a te ly ,
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produced c o n s is te n t  r e s u l t s .  Marzi and B erlu cch i (1977) found a  RVF 
s u p e r io r i ty  f o r  th e  naming o f photographs o f  fa c es  o f famous people but 
in  c o n t r a s t ,  Lediey and Cahn (1979) re p o r t  a  LVF s u p e r io r i ty  fo r  the  
p ro cess in g  o f fa c e s  o f people known p e rso n a lly  to  th e  s u b je c ts .  There 
were a  number o f p rocedu ral d if f e re n c e s  between th e se  two s tu d ie s  which 
cou ld  have c o n trib u te d  to  th e  d is c re p a n t r e s u l t s ,  fo r  example Marzi and 
B erlu cch i used u n i la te r a l  p ro je c tio n  w hile  Leehey and C ahn 's s u b je c ts  
viewed b i l a t e r a l l y  p resen ted  fa c e s .
Young and Bion (1981) have in co rp o ra ted  in to  one study  a l l  th e se  
m ethodolog ical v a r ia t io n s  in  an a ttem p t to  ex p la in  th e  p rev io u s  incon­
s i s t e n t  r e s u l t s .  F am ilia r faces  were p resen ted  both  u p r ig h t and in v e rte d  
in  o rd e r  to  e s ta b l is h  w hether any ob ta ined  LVF s u p e r io r i ty  r e f le c te d  a 
s p e c i f ic  f a c ia l  p ro cessin g  system  o r  a  more general p e rc ep tu a l a b i l i t y  
w ith in  th e  r ig h t  hem isphere. F orty -seven  prim ary school c h ild re n  and 
tw enty a d u l t s ,  a l l  r ig h t  handed, were req u ired  to  name p e rso n a lly  known 
fa c e s  (c la ssm a tes  o r  co lleag u es) p resen ted  ta c h is to s c o p ic a l ly  f o r  150 ms. 
Each s u b je c t perform ed the  ta sk  under b i l a t e r a l  and u n i la te r a l  p re se n t­
a t io n  c o n d itio n s  w ith  th e  s tim u lu s  fa c es  in  both  u p r ig h t and in v e rted  
o r ie n ta t io n s .  The r e s u l t s  showed th a t  u p r ig h t faces  were more a c c u ra te ly  
named than  in v e rte d  faces  and th a t  a  LVF advantage a ro se  on ly  w ith  t t e  
u p r ig h t fa c e s . In v erted  fa c e s , p resen ted  b i l a t e r a l l y  and u n i l a t e r a l l y ,  
showed no s ig n i f ic a n t  d if fe re n c e  between l e f t  and r ig h t  h a l f  f i e ld s .  
These f in d in g s  confirm  and extend th e  o b se rv a tio n s  of Leehey and Cahn 
(1979), f o r  th e  LVF advantage w ith  u p r ig h t p e rso n a lly  known fa c e s  occurs 
w ith  both  b i l a t e r a l  and u n i la te r a l  p re s e n ta tio n  and i s  ap p aren t down to 
th e  age o f 7 y e a rs . The absence o f any h em ifie ld  d if fe re n c e  fo r  naming 
f a m il ia r  in v e rte d  faces  r e p l ic a te s  th e  r e s u l t s  o f th e  s tu d ie s  which have 
in c o rp o ra te d  unknowm in v e rted  faces  and su g g es ts  th a t  bo th  unknown and
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known fa c e s , wben shown upside-down, a re  not processed asym m etrically . 
The n o n -s ig n if ic a n t h a l f  f i e ld  e f f e c t  w ith  in v e rs io n  a ls o  in d ic a te s  th a t  
th e  LVF s u p e r io r i ty  fo r  u p r ig h t fa ces  re p re se n ts  a  sp e c ia l involvem ent of 
th e  r ig h t  hem isphere in  p ro cessin g  such fa c e s .
With re fe re n c e  to  th e  r e s u l t s  o f th e se  ta c h is to sc o p ic  paradigm s, 
in v e s t ig a t io n  o f in v e rte d  known and unknown faces  was c a r r ie d  out in  an 
a ttem p t to  r e p l ic a te  th e  above f in d in g s  e le c tro p h y s io lc g ic a l ly .  The h a lf  
f i e l d  s tu d ie s  d esc rib ed  have shown no l a t e r a l i t y  e f f e c t  w ith  in v e rs io n  
and i t  was th e re fo re  expected th a t  in  r ig h t  handed c o n tro ls  th e re  would 
be no s ig n i f ic a n t  P300 am plitude d if fe re n c e  between th e  r ig h t  and l e f t  
hem ispheres in  response to  in v e rted  face  s t im u l i .
B rie f  procedure
Twenty-one r ig h t  handed s u b je c ts  were examined. The r e s u l t s  a re  
re p o rte d  on 20, 9 m ales and 11 fem ales, as one s e t  o f d a ta  was lo s t  in
e r r o r .  A ll s u b je c ts  were the  same in d iv id u a ls  (from th e  o r ig in a l  group o f 
30) who p a r t ic ip a te d  in  Experiment 1. T heir ages ranged from 20 to  53 
y e a rs , mean age 33 .4  y e a rs . Each su b je c t viewed two types o f s t im u l i ,  
in v e rte d  known and in v e rte d  unknown fa c é s , th e  s e t s  being a l te rn a te d
between s u b je c ts  to  overcome any o rd e r e f f e c t .  The s l id e s  were th e  same
a s  th o se  p resen ted  u p r ig h t , approxim ately  3 y ears  p re v io u s ly , du ring  
Experim ent 1. Although th e  in v e rted  unknown faces  had th e re fo re  been seen 
b e fo re  th e  tim e de lay  o f th re e  years  should have allowed s u b s ta n t ia l  
f o r g e t t in g .  R ecordings were made from e le c tro d e s  o v erly in g  th e  r i g h t  and 
l e f t  p o s te r io r  tem poral, p a r ie ta l  and o c c ip i ta l  re g io n s , a l l  re fe r re d  to  
Fz.
Follow ing p re se n ta tio n  o f each in v e rte d  known face  s u b je c ts  were
req u ested  to  t r y  and name th e  perso n . I f  they  could  n o t, they  were asked
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to  say i f  they  recogn ised  th e  face  (and i f  p o ss ib le  to  g ive  some c lu e  to  
id e n t i f i c a t io n ,  e .g .  occupation ) o r  to  s t a t e  w hether they  had a b so lu te ly  
no id ea  who i t  was. At th e  erxi o f th e  experim ent each known face  was
p resen ted  u p rig h t in  a  sm all s l id e  view er and again  th e  su b je c t was
req u ested  to  name th e  fa c e , o r  i f  unable to ,  to  say w hether they
recogn ised  the  person a t  a l l .  The mean number o f in v e rte d  and u p rig h t 
known fa c e s , which were e i th e r  named c o r re c t ly ,  recogn ised  bu t not named 
o r  not recognised  a t  a l l ,  i s  given below.
Named Recognised Not recogn ised  Misnamed 
c o r re c t ly  (n o t named) a t  a l l
In v e rted  known 20 4 16 ' 2
U pright known 34 5 2 1
(T o ta l number o f s l id e s  = 4 2 )
R e su lts
Evoked p o te n t ia ls  were again  c o n s is te n t ly  recorded from each
s u b je c t  a t  a l l  e le c tro d e  s i t e s  under both  c o n d itio n s  and th e  ty p ic a l 
waveform re p l ic a te s  th e  response ob ta ined  in  p rev ious ex p erim en ts. T ables 
6 :1  and 6 :2  g iv e  th e  mean la te n c ie s  and am plitudes fo r  PlOO and P300 
re s p e c tiv e ly , a t  each e le c tro d e  fo r  th e  two types o f s t im u l i .
The d a ta  from Experiment 3 conform to  th e  same f a c to r i a l  a n a ly s is  
o f  v a rian ce  (ANOVA) design  used p re v io u s ly . In o rd e r to  compare the  
dependent v a r ia b le s  under th e  two co n d itio n s  ( in v e rte d  known and in v e rted  
unkown faces) an ANOVA was performed s e p a ra te ly  on each, namely PlOO 
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ANOVA: PlOO Amplitude
Table 6 :3  and F ig  6 :4  p re se n t th e  ANOVA r e s u l t s  f o r  PlOO am plitude , 
P < 0 .05  ag a in  being regarded  a s  s ig n i f ic a n t  in  re sp e c t to  th e  ta b le  of 
p r o b a b i l i t i e s .  The only  s ig n i f ic a n t  e f f e c t  i s  one o f p o s i t io n ,  F (2 ,3 4 ) = 
17 .2 , p <0.001. From in sp e c tio n  o f F ig  6 :4  i t  can be seen th a t  t h i s  i s  
due to  th e  am plitude o f PlOO being  b i l a t e r a l l y  of h ig h e r am plitude 
o c c ip i ta l  ly  (8 to  9 uV) than  in  tem poral and p a r ie ta l  reg ions (5 to  7 
uV), w ith  both  c o n d itio n s .
ANOVA: PlOO la te n cy
The ANOVA r e s u l t s  fo r  PlOO la te n c y  a re  g iven  in  Table 6 :5  and Fig 
6 :6 . There were no s ig n i f ic a n t  g en era l e f f e c t s  but p o s it io n  x sex proved 
s ig n i f i c a n t ,  F (2 ,3 6 ) = 3 .7 9 , p <0.05. Because t h i s  p o s it io n  x sex e f f e c t  
d id  not i n te r a c t  w ith  any o th e r  v a r ia b le  th e  mean la te n c ie s  o f PlOO a t  
th e  d i f f e r e n t  e le c tro d e  p o s it io n s  have been c a lc u la te d  re g a rd le s s  of 
co n d itio n  and l a t e r a l i t y  fo r  males and fem ales and a re  shown in  the  
fo llow ing  ta b le .
Temporal P a r ie ta l O c c ip ita l
Females 109.9 107.3 105.4 ms
Males 117.3 118.6 121.3
D iffe ren ce 7 .4 11.3 15.9 ms
Although the  male c o n tro ls  show prolonged PlOO la te n c ie s  canpared to  th e  
fem ales a t  a l l  e le c tro d e  p o s i t io n s ,  th e re  was in  f a c t  no s ig n i f ic a n t  
g en era l e f f e c t  o f sex . Hie s ig n i f ic a n t  p o s it io n  x sex e f f e c t  th e re fo re  
appears to  be due to  the  la r g e s t  d if f e re n c e  in  PlOO between th e  sex es , 
I . e .  th a t  which occurs in  o c c ip i ta l  re g io n s , a  d if f e re n c e  o f 15.9  ms.
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PlOO AMPLITUDE TABLE 6:3
ANOVA Table of probabilities for Experiment 3
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PlOO LATENCY t a b l e  6:5
ANOVA Table of probabilités for Experiment 3














































































































ANOVA: P300 am plitude
Table 6 :7  and F ig  6 :8  show th e  r e s u l t s  fo r  P300 am plitude . The only
s ig n i f ic a n t  e f f e c t  was a  g en era l one o f  p o s i t io n ,  F (2 ,3 4 ) = 2 7 .8 ,  p <
0 .001 , due to  P300 being  o f h ig h e r am plitude tem pora lly  and o c c ip i ta l ly  
(11 to  13 uV) th an  p a r ie ta l  ly  (8  to  10 uV). There was no s ig n if ic a n t  
c o n d itio n  e f f e c t  ( i . e .  known in v e rte d  v ersu s  unknown in v e rte d  fa c e s ) ,  F 
“  3 .2 8 , p =  0.0880 and th e  l a t e r a l i t y  e f f e c t  d id  not prove s ig ­
n i f i c a n t  e i t h e r ,  F (1 ,1 7 ) = 2 .4 5 , p = 0.1357.
ANOVA: P300 la te n c y
P300 la te n c y  r e s u l t s  a re  given in  Table 6 :9  and Fig 6 :1 0 . There 
were no s ig n i f ic a n t  g en era l e f f e c t s  but c o n d itio n  x l a t e r a l i t y  x 
p o s i t io n  X sex proved j u s t  s ig n i f ic a n t ,  F (2 ,3 6 ) = 3 .78 , p < 0 .0 5 .
T his a n a ly s is  shows no s ig n i f ic a n t  e f f e c t  between th e  c o n d itio n s  
( in  la te n cy  o r  am plitude o f e i th e r  PlOO o r  P300) and so in v e rted  known
fa c e s  and in v e rte d  unknown faces  seem to  be processed  in  a  s im ila r  
manner. The r e s u l t s  a ls o  show th a t  a lthough  P300 ag a in  occurred  w ith  a  
sm all r ig h t  hem isphere am plitude emphasis ( r i g h t  g r e a te r  th an  l e f t  by 1 
uV), t h i s  l a t e r a l i t y  e f f e c t  d id  not prove s ig n i f i c a n t .  As th e  s l id e s  used 
in  th i s  experim ent were e x a c tly  th e  same as those  shown during  Experim ent 
1 (a p a r t  from th e  in v e rs io n ) and the  same group o f s u b je c ts  p a r t i c ip a te d , 
t h i s  lack  o f a  s ig n i f ic a n t  r ig h t  s id ed  emphasis w ith  in v e rte d  faces
cannot be due to  e i th e r  the  p h y s ica l p ro p e r t ie s  o f the  s t im u li  ( e .g .
c o n tr a s t  o r  luminance) o r  to  the  com plexity  o f  the  m a te r ia l .  The r e s u l t
th e re fo re  p rov ides evidence to  support th e  theory  th a t  in v e rte d  faces  a re  
p rocessed  more sym m etrically  and in  a d i f f e r e n t  way to  u p rig h t fa c e s .
In o rd e r to  in v e s t ig a te  the  e f f e c t  o f in v e rs io n  more f u l ly  the  
evoked p o te n t ia l s  recorded in  response to  in v e r te d  known and unknown
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ANOVA Table of probabilities for Experiment 3
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fa c e s  were compared w ith  th o se  ob ta in ed  during  Experiment 1 w ith  u p r ig h t 
known and unknown fa c e s , again  u sing  an ANOVA d e s ig n . Because th e  same 
s e t s  o f s l id e s  were used fo r  both  u p r ig h t and in v e rted  face  co n d itio n s  
th e  p h y s ica l p ro p e r t ie s  o f th e  s t im u li  remained id e n t ic a l  and so i t  was 
expected th a t  th e  ANOVAs fo r  PlOO am plitude and la ten cy  would not show 
any s ig n i f ic a n t  d if f e r e n c e s . For P300 am plitude however, i t  was p red ic ted  
th a t  th e re  would be an in te r a c t io n  between l a t e r a l i t y  and in v e rs io n  
caused by u p r ig h t fa ces  producing a  c le a r  r ig h t  hem isphere emphasis but 
P300 appearing  w ith  in v e r te d  faces  more sym m etrically , though s t i l l  r ig h t  
g r e a te r  than  l e f t .
ANOVA com parisons were perform ed s e p a ra te ly  on each o f the  four 
dependent v a r ia b le s ,  i . e .  PlOO am plitude , PlOO la te n c y , P300 am plitude 
and P300 la te n c y . An e f f e c t  was defin ed  as a  d if fe re n c e  between th e  means 
o f  the  u p rig h t and in v e rte d  face  c o n d itio n s . In o rd e r to  p reven t 
r e p e t i t io n  of p rev io u s ly  d esc rib ed  r e s u l t s  from th e  s e p a ra te  ANOVAs on 
u p r ig h t faces  and in v e rte d  fa c e s , only  th e  fo llow ing  e f f e c t s  have been 
re p o rte d  :
i .  A g en era l e f f e c t  o f l a t e r a l i t y
i i«  A g en era l e f f e c t  o f in v e rs io n  ( i . e .  a  d if fe re n c e  between 
u p r ig h t faces  and in v e rte d  feces)
i i i .  An in te r a c t io n  between l a t e r a l i t y  and in v e rs io n
iv .  An in te r a c t io n  between known/unknown and u p r ig h t / in v e r te d  
face  c o n d itio n s
A p ro b a b il i ty  o f p <0.05 was again  taken  a s  s ig n i f ic a n t  in  re sp e c t to  the  
ANOVA ta b le s .
ANOVA: PlOO am plitude
Table 6:11 shows th e  r e s u l t s  fo r  PlOO am p litu d e . There was no s ig -
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n i f l e a n t  g en era l e f f e c t  o f l a t e r a l i t y  o r  o f  in v e rs io n , and no in te r a c t io n  
between th e se  two v a r ia b le s .  S im ila r ly , th e re  was no s ig n if ic a n t  i n t e r ­
a c tio n  between known/unknown and u p r ig h t /  in v e rted  co n d itio n s .
ANOVA: PlOO la te n cy
The r e s u l t s  fo r  PlOO la te n c y  a re  g iven in  Table 6 :1 2 . There was a 
s ig n i f ic a n t  g en era l e f f e c t  o f l a t e r a l i t y ,  F (1 ,1 8 ) = 5 .9 3 , p <0.05, w ith  
th e  r ig h t  hem isphere responding 1 .6  ms slow er than the  l e f t  s id e . The 
r ig h t  s id ed  mean la te n cy  was 115.8 ms and th e  l e f t ,  114.2 ms. There was 
no s ig n i f ic a n t  g en era l e f f e c t  o f in v e rs io n  and no in te ra c t io n  between 
l a t e r a l i t y  and in v e rs io n  o r  w ith  th e  known/ unknown v ersus u p r ig h t/ in v e r­
ted  c o n d itio n s .
ANOVA: P300 am plitude
Table 6:13 shows th e  r e s u l t s  fo r  P300 am plitude . There was a  s ig ­
n i f i c a n t  g en era l e f f e c t  o f l a t e r a l i t y ,  F (1 ,1 7 ) = 5 .68 , p <0.05, caused 
by P300 being o v e ra l l  1 .5  uV la rg e r  over the  r ig h t  hem isphere
compared to  th e  l e f t .  The mean r ig h t  s ided  P300 am plitude was 15.5 uV and
th e  l e f t ,  14.0 uV. A g en era l e f f e c t  o f in v e rs io n  a ls o  o ccu rred , F (1 ,1 7 )
= 36 .82 , p <0.001, due to  a  mean o v e ra l l  lower P300 am plitude o f 11.5  uV 
w ith  in v e rte d  faces  compared to  a  mean o f 18.0 uV w ith  u p r ig h t fe c e s . 
There was however no s ig n if ic a n t  in te r a c t io n  between in v e rs io n  and
l a t e r a l i t y ,  F (1 ,1 7 ) = 3 .7 4 , p =  0 .0701. In o th e r  words th e  a n a ly s is  
showed no d if fe re n c e  in  th e  r ig h t  and l e f t  sided  P300 am plitudes between 
u p rig h t and in v e rte d  fa c e s .
The e f f e c t  o f in v e rs io n  in te ra c te d  w ith  p o s it io n , F (2 , 34) =
7 .0 8 , p<0.01 and from the  fo llow ing  Table i t  can be seen th a t  t h i s  r e s u l t  
i s  due to  P300 o c cu rrin g  w ith  a  lower am plitude in  th e  p a r ie ta l  reg ion  
(compared to  tem poral and o c c ip i ta l  a re a s )  w ith  both  in v e rte d  and u p r ig h t
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fa c e s , b u t more markedly w ith  th e  l a t t e r .
Temporal P a r ie ta l  O c c ip ita l
In v e rte d  12.7 9 .4  12.5
U prigh t 21 .5  14.4  20.5
There was no in te r a c t io n  between known/unknown and u p r ig h t / in v e r te d  
c o n d itio n s .
ANOVA: P300 la te n cy
The r e s u l t s  fo r  P300 la te n cy  appear in  Table 6 :1 4 . There was no 
g en e ra l e f f e c t  o f l a t e r a l i t y  o r  o f  in v e rs io n  and no in te r a c t io n  between 
th e se  two v a r ia b le s  o r  between th e  known/unknown and u p r ig h t / in v e r te d  
face  c o n d itio n s .
The r e s u l t s  o f t h i s  second ANOVA showed no d if fe re n c e  between 
in v e rte d  and u p r ig h t faces  fo r  PlOO am plitude , PlOO la te n c y  o r P300 
la te n c y . Because th e  face  s l id e s  were p h y s ic a lly  id e n t ic a l  under th e  two 
c o n d itio n s  t h i s  r e s u l t  was expected fo r  PlOO, s u b s ta n t ia t in g  th e  th eo ry  
th a t  th i s  component i s  r e la te d  to  the  p h y sica l param eters o f a  s tim u lu s .
In  c o n tr a s t ,  th e  ANOVA fo r  P300 am plitude showed a  h ig h ly  s ig n ­
i f i c a n t  d if f e re n c e  between u p rig h t and in v e rted  fa c e s , due to  the  
am plitude g e n e ra lly  being much lower w ith  upside down fa c e s  (6  to  7 uV 
s m a lle r ) .  As mentioned p rev io u s ly , the  p h y sica l c o n d itio n s  o f th e  s l id e s  
d id  not change, so t h i s  fin d in g  su g g es ts  th a t  some f a c to r  a s so c ia te d  w ith  
th e  c o g n itiv e  p ro cess in g  o f faces  i s  a l te re d  w ith  in v e rs io n . Although i t  
m ight be thought th a t  a face  i s  e q u a lly  complex w hether up sid e  down o r  
u p r ig h t ,  t h i s  may be tru e  only i f  a  face  i s  processed in  j u s t  th e  same 
way as  any o th e r  type o f complex p a t te rn ,  r a th e r  than  as a unique
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s tim u lu s  dependent on a  c e r ta in  o r ie n ta t io n .  I t  should be po in ted  out 
th a t  s u b je c ts  found th e  re c o g n itio n  o f known in v e rted  faces  much more 
d i f f i c u l t  than  they  a n t ic ip a te d ,  a  f a c t  r e f le c te d  in  th e  g roups’ o v e ra l l  
poor perform ance o f 48% c o r r e c t  re c o g n itio n  w ith  in v e rs io n  conpared to  
81% c o r r e c t  w ith  u p rig h t f a c e s . In v e r tin g  a face  th e re fo re  does appear to  
a l t e r  i t s  com plexity in  a  c o g n itiv e  sen se , d is tu rb in g  th e  usual recog­
n i t io n  a b i l i t y .  However, th e  lower P300 am plitude seen in  response to  
in v e rte d  fa c e s  cannot r e f l e c t  " la c k  o f re c o g n itio n "  fo r  i f  so , unknown 
u p r ig h t fa c es  should in  theory  have been o f lower am plitude than  known 
u p r ig h t fa c e s , y e t no d if fe re n c e  was found. By ru lin g  out p h y sica l 
p ro p e r t ie s ,  com plexity ( in  a  p h y s ica l sense) and " re co g n itio n "  as  con­
t r i b u t io n s  tow ards an ex p lan a tio n  fo r  t h i s  am plitude d if f e r e n c e , the  
on ly  rem aining f a c to r  seems to  be v e r t i c a l  o r ie n ta t io n  o r  th e  "meaning­
f u l ln e s s "  o f a  face  provided by an u p rig h t o r ie n ta t io n .  Such a co n clu sio n  
c le a r ly  su g g es ts  th a t  u p r ig h t fa c es  a re  indeed processed as  unique 
s t im u li  and not j u s t  as  any type o f complex p a t te r n .
The p re d ic tio n  o f an in te r a c t io n  between l a t e r a l i t y  and in v e rs io n  
was not born o u t. Although th e re  was an o v e ra l l  r ig h t  hem isphere P300 
am plitude emphasis th i s  proved not to  be " s ig n if ic a n t ly  g r e a te r  f o r  up­
r ig h t  than  fo r  in v e rte d  fa c e s . The p rev ious s e p a ra te  ANOVAs have shewn 
( i )  a  h ig h ly  s ig n i f ic a n t  r ig h t  g re a te r  than  l e f t  am plitude s u p e r io r i ty  
w ith  u p r ig h t faces  bu t ( i i )  no s ig n i f ic a n t  r i g h t / l e f t  P300 am plitude 
d if fe re n c e  w ith  in v e rted  faces  and so th i s  n eg a tiv e  r e s u l t  from the  
combined ANOVA seems somewhat s u p r is in g . However, i t  i s  e x p lic a b le  in  
term s o f th e  s iz e  o f the  d if fe re n c e  req u ired  fo r  s ig n if ic a n c e .  For up­
r ig h t  fa ces  th e  in te rh em isp h eric  d if f e re n c e  was h ig h ly  s ig n i f i c a n t ,  the  
r ig h t  s ided  P300 being 2 .6  uV la rg e r  than  th e  l e f t .  With in v e rte d  faces  
t h i s  asymmetry was s t i l l  apparen t but to  a le s s e r  d eg ree , th e  r i g h t  sided
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amplitude emphasis being only 0 .9  uV, a n o n -s ig n ifica n t r e s u lt .  In the
combined ANOVA th e  o v e ra l l  d if f e re n c e  between th e se  two asym m etries ( i . e .
2 .6  uV and 0 .9  uV) was to o  sm all to  be regarded  a s  s ig n i f ic a n t ,  probably
due to  in d iv id u a l su b je c t v a r ia t io n .  Because th e re  i s  a  c le a r  trend  in
th e  d if fe re n c e  between u p r ig h t and in v e rted  faces  b e t t e r  d i f f e r e n t ia t io n  
m ight have been achieved by in c re a s in g  th e  number o f s u b je c ts  and thereby  
in c re a s in g  th e  power o f th e  t e s t s .
R eturn ing  to  th e  p rev ious d isc u ss io n  as  to  vihether th e  d if fe re n c e  
in  P300 am plitude w ith  u p rig h t and in v e rte d  s tim u li  r e f l e c t s  a  type of 
p ro cess in g  s p e c if ic  to  u p rig h t fa ces  as  opposed to  a  general complex» 
p a t te rn  re c o g n itio n , i t  seemed w orthw hile to  compare the  evoked 
p o te n t ia l s  in  response to  in v e rted  fa c es  w ith  those  recorded w ith  
geom etric  d e s ig n s . PlOO proved s im ila r  in  la te n cy  and am plitude on the  
l a s t  ANOVA between u p rig h t and in v e rte d  faces  and so th i s  component 
should  show only th e  same v a r ia t io n s  th a t  appeared between geom etric 
d esig n s  and u p rig h t fa ces  during  Experiment 1 , i . e .  an e a r l i e r  PlOO w ith  
geom etric  desig n s  compared to  in v e rte d  fa c e s . For P300 am plitude the 
p rev io u s  a n a ly s is  showed only  a  sm all r i g h t / l e f t  asymmetry w ith  in v e rted  
fa c e s  (very  s im ila r  to  th e  r e s u l t s  w ith  geom etric  d esig n s  in  Experiment 
1) and so i t  was p re d ic ted  th a t  no s ig n i f ic a n t  l a t e r a l i t y  d if fe re n c e  
would appear between c o n d itio n s . P300 la te n c y  proved s im ila r  between 
in v e rte d  and u p r ig h t fa c e s , but du ring  Experim ent 1 t h i s  component 
occurred  e a r l i e r  w ith  geom etric desig n s  compared to  fa c e s , so a  c o n d itio n  
e f f e c t  was expected due to  t h i s .
ANOVA com parisons were c a r r ie d  out s e p a ra te ly  on each o f th e  four 
dependent v a r ia b le s ,  namely PlOO am p litu d e , PlOO la te n c y , P300 am plitude 
and P300 la te n c y . The r e s u l t s  a r e  shown re s p e c tiv e ly  on T ables 6 :1 5 , 
6 :1 6 , 6:17 and 6:18 w ith  p <0.05 being  regarded  as  s ig n i f i c a n t .  Again, in
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Laterality 1 7.47 0.0142
Error 17
Position 2 18.65 0.0000
Error 34
Laterality/Position 2 1.26 0.2956
Error 34
Condition 2 1.51 0.2351
Error 34
Laterality/Condition 2 0.21 0.8088
Error 34
Position/Condition 4 2.29 0.0690
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of probabilities for Experiment
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Inverted known and unknown faces and geometric designs




Laterality 1 5.73 0.0278
Error 18
Position 2 0.23 0.7969
Error 36
Laterality/Position 2 2.83 0.0725
Error 36
Condition 2 15.17 0.0000 *
Error 36
Laterality/Condition 2 0.13 0.8768
Error 36
Position/Condition 4 0.23 0.9199
Error 72
Laterality/Pos/Cond 4 0.33 0.8562
Error 72
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o rd e r  to  avoid r e p e t i t io n ,  on ly  a  s ig n i f ic a n t  d if fe re n c e  between the  
c o n d itio n s  (geom etric  d e s ig n s , in v e rted  known fa c e s  and in v e rted  unknown 
fa c e s )  and any subsequent in te r a c t io n s  have been re p o r te d .
ANOVA: PlOO am plitude
There was no s ig n i f ic a n t  d if fe re n c e  between th e  co n d itio n s  and no 
re le v a n t in te r a c t io n s .
ANOVA: PlOO la ten cy
T here was a  h ig h ly  s ig n i f ic a n t  e f f e c t  between the  c o n d itio n s , F
(2 ,36)=  15 .17 , p< 0.0001 caused by PlOO o ccu rrin g  e a r l i e r  in  response to
geom etric  desig n s  w ith  an o v e ra l l  mean la te n cy  o f 89 ms compared to  109 
and 115 ms fo r  in v e rte d  known faces  and in v e rte d  unknown fa c es  re sp e c t­
iv e ly .  There were no s ig n i f ic a n t  in te r a c t io n s .
ANOVA: P300 am plitude
The e f f e c t  o f c o n d itio n  was j u s t  s ig n i f i c a n t ,  F (2 ,34)=  3 .3 5 , p< 
0 .0 5 . The o v e ra l l  mean am plitude o f P300 f o r  geom etric desig n s  was 13.1 
uV, fo r  in v e rte d  known faces  12.1 uV and fo r  in v e rte d  unknown fa c es  10.9
uV. Because the  p rev ious a n a ly s is  showed no s ig n i f ic a n t  am plitude d i f f ­
e ren ce  between in v e rte d  known and in v e rted  unknown faces  th e  p re sen t 
s ig n i f ic a n t  co n d itio n  e f f e c t  must be caused by the  d if fe re n c e  in  
am plitude (2 .2  uV) between geom etric desig n s  and in v e rte d  unknown fa c e s . 
T his c o n d itio n  e f f e c t  d id  not in te r a c t  w ith  l a t e r a l i t y ,  F (2 ,34)=  0 .3 0 , p 
= 0.7412 and th e re  were no o th e r  s ig n i f ic a n t  d if f e r e n c e s .
ANOVA: P300 la te n cy
There was a s ig n i f ic a n t  c o n d itio n  e f f e c t ,  F (2 ,36)=  5 .6 8 , p< 0.01 
due to  P300 o c cu rrin g  e a r l i e r  a t  270 ms w ith  geom etric  d esig n s  compared 
to  287 and 292 ms w ith  in v e rte d  known and in v e rte d  unknown fa c e s  re s  pec-
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t iv e ly .  There were however no s ig n if ic a n t  in te r a c t io n s .
T his a n a ly s is  confirm ed th e  p re d ic t io n  o f e a r l i e r  la te n c ie s  fo r  
PlOO and P300 w ith  geom etric  desig n s  compared to  in v e rte d  known and 
in v e r te d  unknown f a c e s . As expected fo r  P300 am plitude th e re  was no 
d if fe re n c e  in  l a t é r a l i s a t i o n  between th e  c o n d itio n s . However, th e re  was a 
j u s t  s ig n i f ic a n t  g en era l e f f e c t  due to  lower am plitude of P300 w ith  
in v e r te d  unknown faces  th an  w ith  geom etric d e s ig n s .
D iscussion  o f R e su lts
Taken to g e th e r , th e  r e s u l t s  from th e  l a s t  th re e  an a ly se s  show th a t  
in  re sp e c t to  PlOO th e re  i s  no d if fe re n c e  in  th e  p ro cess in g  o f in v e rted  
and u p r ig h t fa c e s . Because th e  p h y s ica l param eters o f th e  s l id e s  remained 
co n s ta n t th i s  r e s u l t  was no t unexpected and confirm s th e  h y p o th esis  th a t  
PlOO i s  r e la te d  to  p h y s ica l s tim u lu s  p ro p e r t ie s .
U nlike PlOO, P300 d id  show a  d if fe re n c e  in  am plitude between 
in v e rte d  and u p rig h t fa c e s . With regard  to  l a t é r a l i s a t i o n ,  fa ces  shown 
u p sid e  down f a i le d  to  produce th e  c le a r  r ig h t  s id ed  em phasis p rev io u s ly  
observed w ith  u p r ig h t f a c e s . As th e  s l id e s  d id  not d i f f e r  p h y s ic a lly  t h i s  
r e s u l t  s u b s ta n t ia te s  th e  th eo ry  th a t  P300 i s  c o r re la te d  w ith  co g n itiv e  
r a th e r  than  p h y sica l p a ram ete rs . The lack  o f a  c le a r  asymmetry w ith 
in v e rs io n  a lso  su g g es ts  th a t  th e  marked r ig h t  hem isphere am plitude 
s u p e r io r i ty  w ith  u p rig h t feces  i s  to  some e x te n t r e la te d  to  v e r t ic a l  
o r ie n ta t io n ,  a  f in d in g  which su p p o rts  th e  r e s u l t s  o f th e  ta c h is to s c o p ic  
h a l f  f i e ld  s tu d ie s  by Leehey e t  a l  (1978), Leehey and Cahn (1979) and 
Young and Bion (1981).
There was a ls o  a marked general d if f e re n c e  in  th e  am plitude between
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u p r ig h t and in v e r te d  face  c o n d itio n s , P300 being  much sm a lle r w ith  th e  
l a t t e r  and in  f a c t  more s im ila r  to  (even o f lower am plitude th an ) th e  
v a lu e s  found w ith  gecxnetric d e s ig n s . For P300, under each type of 
c o n d itio n , th e  fo llow ing  ta b le  shows ( i )  th e  o v e ra l l  am plitude and ( i i )  
th e  in d iv id u a l r ig h t  and l e f t  hem isphere am plitudes w ith ' th e  d if fe re n c e  
between them. (The am plitudes have been c a lc u la te d  d is re g a rd in g  e le c tro d e  
p o s i t io n ) .
P300 am plitude (uV)
C ondition O verall R ight L e ft D iffe rs
U pright known faces 17.6 18.9 16.3 2 .6
U prigh t unknown fa c es 17.8 18.5 16.5 2 .0
In v e rte d  known faces 12.1 12.6 11.6 1 .0
In v e rte d  unknown fa c es 10.9 11.4 10.5 0 .9
G eom etric desig n s 13.1 13.6 12.8 0 .8
The d if fe re n c e  in  am plitude between in v e rte d  and u p r ig h t faces  
cannot be r e la te d  to  re c o g n itio n  a b i l i t y  because P300 showed no 
com parable am plitude d if fe re n c e  between u p rig h t unknown ("u n reco g n is­
a b le " )  and u p r ig h t known fa c e s . This g enera l am plitude d ecrease  th e re fo re  
a ls o  appears to  be r e la te d  to  the  o r ie n ta t io n  o f th e  s tim u lu s . I t  i s  
im portan t to  emphasize th a t  w ith  in v e rted  faces  P300 am plitude  occurred 
b i l a t e r a l l y  reduced, not m erely of lower am plitude on th e  r i g h t  s id e  but 
decreased  over both  hem ispheres. Such a  fin d in g  in d ic a te s  t h a t  e i t h e r  the 
h y p o th e tic a l c o r t i c a l  neurones, s p e c if ic  to  u p rig h t fa c e s , a r e  no t unique 
to  th e  r ig h t  hem isphere but a re  lo ca ted  w ith in  both hem ispheres (though 
w ith  a r ig h t  s ided  em phasis) o r  th a t  a c t iv a t io n  sp reads b i l a t e r a l l y .
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These co n c lu sio n s  drawn fro n  th e  human sc a lp  evoked response 
c o r r e la te  w ell w ith  th e  s tu d ie s  undertaken  by th e  N eurosciences Group a t  
S t Andrews, F ife  #10 have recorded  b i l a t e r a l l y  from in d iv id u a l neurones 
w ith in  th e  su p e r io r  ta n p o ra l s u lc i  o f th e  macaque. Although i t  i s  im­
p o s s ib le  to  id e n t i fy  a c t i v i t y  in  th e  macaque which corresponds to  the  
human P300, a l l  neurones s tu d ie d  responded a t  la te n c ie s  g re a te r  than  100 
ms. P e r r e t t  and R o lls  (1983) have found c e l l s  th a t  respond to  th e  s ig h t  
o f  fa c es  o r  o th e r  views o f th e  human head but vbich remained unresponsive 
to  a  wide v a r ie ty  o f c o n tro l s t im u li  such as sim ple g e o m e tric a l, o r  
complex 3D o b je c t s .  C e lls  s e le c t iv e  fo r  faces  in  th e  macaque have a lso  
been re p o rted  by Bruce, Desimone and G ross (1981). These c e l l s  tend to  be 
found in  c lo se  prox im ity  to  o th e r  c e l l s  o f th e  same ty p e , p rov id ing  
evidence th a t  p ro cess in g  o f a  p a r t i c u la r  type o f in fo rm atio n  ten d s  to  be 
clumped to g e th e r  r a th e r  than  evenly  spread  through th e  tem poral c o r te x . 
In  a  more re c e n t in v e s t ig a t io n  P e r r e t t  e t  a l  (1984) re p o r t th a t  th ese  
c e l l s  respond a t  a  longer la te n cy  and w ith  reduced m agnitude to  in v e rted  
face  view s. S im ila r r e s u l t s  were found w ith  o th e r  co n d itio n s  in  vhich 
face  p e rc ep tio n  was p o s s ib le  but d i f f i c u l t  ( e .g .  w ith  a  g reen  f i l t e r ) .  
While th e  la ten cy  s h i f t  f o r  th e  f i l t e r e d  view was thought to  r e f l e c t  
a  decrease  in  luminance no ex p lan a tio n  was o ffe re d  fo r  the  changes 
d e sc rib ed  w ith  in v e rs io n .
To summarise : As p re d ic te d , the  comparison between in v e rte d  and
u p rig h t faces  showed no s ig n i f ic a n t  d if f e re n c e s  in  PlOO am plitude o r  
la te n c y . However th i s  component d id  occur l a t e r ,  as ex p ec ted , w ith  
in v e r te d  faces  (109/116 ms) when compared to  geom etric d esig n s (89 ms).
In  c o n tr a s t ,  in v e rte d  and u p rig h t faces  produced d is s im i la r  r e s u l t s  
fo r  P300 am p litu d e . The c le a r  r ig h t  g re a te r  than  l e f t  asynm etry
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p re v io u s ly  re p o rte d  in  Experiment 1 was not apparen t w ith  in v e rs io n , 
p ro v id in g  evidence th a t  th e  r ig h t  hem isphere s u p e r io r i ty  w ith  u p rig h t 
fa c e s  i s  s p e c i f ic  to  v e r t i c a l  o r ie n ta t io n ,  in  keeping w ith  th e  f in d in g s  
o f ta c h is to s c o p ic  h a l f  f i e ld  s tu d ie s .  P300 a ls o  showed a  general 
am plitude re d u c tio n  over both  hem ispheres w ith  in v e rted  faces  when 
compared to  u p r ig h t fa c e s , th e  v a lu es  being  s im ila r  to ,  and even le s s  
th a n , th o se  found in  response to  geom etric d e s ig n s . This o v e ra l l  
am plitude decrease  w ith  in v e rs io n  su g g es ts  th a t  b i l a t e r a l  re p re se n ta tio n  




The evoked response to  v e rb a l s t im u li  in  r ig h t  handed s u b je c ts
So f a r ,  the  ex p erim en ta tio n  o f t h i s  th e s i s  has been concerned w ith  
th e  in v e s t ig a t io n  o f a  c e re b ra l  evoked p o te n t ia l  asymmetry a s  a  c o r r e la te  
o f r ig h t  s id e d , non-verbal v is u a l  p ro c e ss in g . However, in  C hapter 1 , i t  
was b r i e f ly  noted th a t  c o n s id e ra b le  neuropsycho log ica l d a ta  have shown 
th a t  bo th  cerdD ral hem ispheres in  man assume a  ro le  in  governing 
c o g n itiv e  behaviour and th a t  th e re  i s  c le a r  ev idence o f p e rc ep tu a l and 
memory mechanisms fo r  v e rb a l m a te r ia l being dependent on c o r t i c a l  s t ru c ­
tu r e s  in  the  dom inant, u s u a lly  l e f t ,  hem isphere. F u rth e r e x p lo ra tio n  o f 
c e re b ra l  l a t é r a l i s a t i o n  w ith  regard  to  l in g u i s t i c  fu n c tio n , using  evoked 
p o te n t ia l  te ch n iq u es , would now seem of v a lu e . B efore review ing the  
r e s u l t s  o f p rev io u s  E .P . s tu d ie s  on t h i s  to p ic  i t  i s  necessa ry  to  p re se n t 
a  g en era l background o u tl in in g  the  evidence fo r  lo c a l i s a t io n  and l a t ­
é r a l i s a t i o n  o f language w ith  p a r t i c u la r  re fe re n c e  to  th e  d if f e r e n c e  in  
p ro cess in g  between a u d ito ry  and v is u a l  p re s e n ta t io n  o f v e rb a l m a te r ia l .
L o c a lis a tio n  o f language fu n c tio n .
The most s ig n i f ic a n t  d isco v e ry  lead in g  to  th e  n o tio n  o f c e rd ^ ra l 
dominance was th e  f in d in g  by Broca, Box and o th e rs  o f a  s tro n g  r e la t io n ­
sh ip  between le s io n s  o f th e  l e f t  hem isphere and d iso rd e rs  o f language, 
namely d i f f i c u l ty  in  e x p re ss io n , com prehension, read ing  and w r it in g .
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Broca (1861) in v e s t ig a te d  two cases  o f ap h as ia  w ith  p o s t mortem exam­
in a tio n  and d isco v ered  th a t  le s io n s  r e s t r i c t e d  to  the  p o s te r io r  p o r tio n  
o f th e  f r o n ta l  lobe re s u lte d  in  d e f i c i t s  in  th e  a b i l i t y  to  use w oids. He 
a ls o  observed th a t  le s io n s  o f a  s im ila r  lo c a t io n  in  the  non-daninant 
hem isphere d id  no t produce such d e trim en ta l e f f e c t s  and th e re fo re  sub­
seq u en tly  lin k ed  th e  l e f t  hem isphere w ith  language fu n c tio n . The type of 
language d e fe c t  he re p o r te d , now termed B ro c a 's  ap h as ia , i s  c h a ra c te r is e d  
by slow and la b o rio u s  speech w ith  d i f f i c u l ty  in  a r t i c u la t io n  b u t c o r re c t  
p ro n u n c ia tio n . IM derstanding o f spoken o r  w r it te n  m a te ria l i s  r e l a t i v e ly  
w ell p re se rv ed . I t  would appear th a t  th e  a ffe c te d  a re a  has a  m ajor ro le  
to  p lay  in  phono log ica l and s y n ta c t ic  a sp e c ts  o f language g e n e ra tio n .
In 1865 Dax pub lished  h is  f a th e r ’s  paper record ing  the  a s s o c ia t io n  
o f  r ig h t  hem ip leg ia  w ith  speech d iso rd e rs  and in  1874 Wernicke a sso c ia te d  
le s io n s  lim ite d  to  th e  p o s te r io r  and l a t e r a l  p o rtio n s  o f th e  tem poral 
lobe o f th e  dcxninant hem isphere w ith  a  f a i l u r e  to  understand language and 
a  d e f i c i t  in  language p ro d u c tio n . The in d iv id u a l w ith  a  le s io n  in  
W ernicke’s  a re a  can produce q u i te  leng thy  sen ten ces  th a t  a r e  s y n ta c t ic ­
a l l y  c o r re c t  b u t t o t a l l y  devoid o f meaning. Whereas le s io n s  in  B roca’s  
a re a  a re  not accompanied by d e f i c i t s  in  understanding  of spoken o r  
w r i t te n  language, th e  p a t ie n t  w ith  W ernicke’s  ap h as ia  s u f fe r s  from sev e re  
lo s s  o f understand ing  o f v e rb a l m a te r ia l a lthough  p e rcep tio n  of o th e r  
non- vocal a u d ito ry  s ig n a ls  i s  a p p a re n tly  normal (Geschwind, 1970; 
G oodglass, 1972).
The mapping o f speech a re a s  has been based on the o b se rv a tio n s  of 
language in te r fe re n c e  caused by b ra in  d is e a s e , p e n e tra tin g  head i n ju r i e s ,  
s u rg ic a l  e x c is io n  and e l e c t r i c a l  s tim u la tio n  o f the  exposed cord:ex. As
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e a r ly  as 1917 M arie and Foix mapped th e  reg io n  o f th e  l e f t  hem isphere, 
which they  b e lie v ed  to  be necessa ry  fo r  speech , fro n  evidence o f post­
mortem s tu d ie s  and c e re b ra l traum a. In fe ren ces  fro n  trau m atic  le s io n s  
have a ls o  been drawn by G o ls te in  (1942), L u ria  (1947), Conrad (1954) ard 
R u sse ll and E sp ir  (1961). In Conrad’s  re p o r t motor speech d e f i c i t s  p re ­
dominate w ith  damage to  bo th  m argins o f th e  c e n tr a l  su lc u s , ex tending  
f r o n ta l l y ,  w hile  senso ry  and amnesic d e f i c i t s  occur w ith  p a r ie to -o c c ip -  
i t a l  in ju ry .  However, m a te r ia l from bo th  Conrad (1942) and R u sse ll and 
E sp ir (1961) show a  somewhat random s c a t t e r  o f  le s io n s  w ith  an overlap  
between ap h asia -p ro d u c in g  and a p h a s ia - f re e  lo c a t io n s .
P e n f ie ld  and R oberts (1959) have a lso  r ^ o r t e d  th e  f in d in g s  from 
e l e c t r i c a l  s tim u la tio n  o f th e  c e r ^ r a l  c o rtex  during  s u rg ic a l  i n t e r ­
v en tio n s  . T heir c o r t i c a l  map, showing p o in ts  o f s tim u la tio n  a f fe c t in g  
motor speech , confirm s th e  im pression  gained from o th e r  maps (Conrad, 
1954; R u sse ll and E s p ir ,  1961). However, th e  re lev an ce  o f th e se  e l e c t r i ­
c a l  s tim u la tio n  experim ents must rem ain lim ite d  because the  s tim u lu s  
in te r f e r e s  abnoim ally  w ith  b ra in  fu n c tio n . A c tiv ity  i s  i n i t i a t e d  on th e  
su rfa c e  o f th e  c o rte x  from a  s in g le  anatom ical lo c a t io n  whereas in  the  
normal s t a t e  a c t i v i t y  fo r  speech may c o n s is t  o f ongoing a c t i v i ty  in  
v a r io u s  p a r t s  o f th e  b ra in  in c lu d in g  m odulation o f  im pulses in  d e ^ r  
s t r u c tu r e s .
There i s  ev idence th a t  th e  p ro cessin g  o f v is u a l ly  p resen ted  verb a l 
m a te r ia l  has a d i f f e r e n t  a re a  o f c e re b ra l lo c a l i s a t io n  compared to  a u ra l­
ly  p resen ted  words. Such in fo rm ation  comes from the  s tudy  o f p a t ie n ts  
w ith  the  uncommon syndrome o f a le x ia  w ithout a g rap h ia , a  c o n d itio n  in
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which th e re  i s  com plete lo s s  o f the  a b i l i t y  to  read ( in c lu d in g  %hat th e  
p a t ie n t  h im se lf has w r i t te n )  but re ta in e d  a b i l i t y  to  w r ite  bo th  spont­
aneously  and to  d ic t a t io n .  The r a r e  occurrence  o f t h i s  syndrome i s  sub­
s ta n t ia te d  by th e  in fre q u e n t appearance o f au to p sied  cases; a  review  by 
Benson and Geschwind (1969) l i s t s  on ly  seven teen  taken  from the 
l i t e r a t u r e  between 1890 and 1966. This s tudy  in d ic a te s  th a t  patho log­
ic a l l y ,  th e  o c c ip i ta l  r ^ i o n  and the  corpus callosum  a re  th e  main a re a s  
o f involvem ent. With on ly  one ex cep tio n  th e  l e f t  o c c ip i ta l  lobe was 
im p lica ted  in  a l l  c a se s . However, more s p e c i f ic  lo c a l is a t io n s  were 
somewhat v a r ia b le  bu t u s u a lly  inc luded  th e  in n e r  and under su rfa c e  o f th e  
o c c ip i ta l  lo b e , e s s e n t i a l ly  th e  a re a  dependent upon the  p o s te r io r  
c e rë o ra l a r te r y  fo r  v a sc u la r  supp ly . In fa rc t io n  o r  "involvem ent" o f the  
corpus callosum  was d e sc rib e d  in  n in e  p a t ie n t s .  Benson and Geschwind 
(1969) p o in t ou t t h a t  i t  could  a ls o  have been p re sen t in  th e  o th e r  
c ases  because in f a r c t io n  o f  th e  t i g h t ly  packed c a l lo s a l  w hite  m a tte r  may 
no t produce th e  g ro s s ly  obvious d eg en e ra tiv e  changes th a t  a r e  seen  a f t e r  
invo lvanen t o f c o r t i c a l  o r  s u b c o r tic a l  t i s s u e s .  However, in f a r c t io n  of 
th e  corpus callosum  may no t be e s s e n t ia l  fo r  producing th e  syndrone of 
a le x ia  because deep w hite  m a tte r  d e s tru c t io n  in  th e  l e f t  m edial o c c ip i ta l  
reg ion  cou ld  j u s t  a s  r e a d i ly  d isco n n ec t th e  l e f t  hem isphere language 
a re a s  from r ig h t  s ided  v is u a l  p ro ce ss in g .
A number o f p o s t- s u rg ic a l  cases of a le x ia  w ithou t a g rap h ia , 
secondary to  l a t e r a l  p a r ie to -o c d L p ita l patho logy , have been recorded 
(W arrington and Z angw ill, 1957; K insbourne and W arrington, 1964). The 
pathology o f th e se  cases  was d iv e rse  in c lu d in g  tumour and in tr a c e re b ra l
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haematoma and th e  ex ac t lo c a t io n  o f o c c ip i ta l  in v o lv en en t rem ains unknown 
because no post-m ortem  fo llo w  up was a v a i la b le .  However, th ese  r ^ o r t s  
r a i s e  th e  p o s s ib i l i t y  o f  a  second anatom ical lo c a l i s a t io n  fo r  th e  prod­
u c tio n  o f read in g  d is tu rb a n ce  w ithou t a g ra p h ia , bu t sho u ld , a t  p re s e n t , 
remain c o n je c tu ra l  u n t i l  b e t t e r  c l i n i c a l  airi p a th o lo g ic a l proof i s  
p re se n te d . I t  would seem th a t  the  on ly  c o n s is te n t ly  dem onstrated 
patho logy  in c lu d e s  th e  dominant o c c ip i ta l  lobe and th e  connections o f th e  
non-dominant v is u a l  a s s o c ia t io n  a re a s  w ith  th e  dominant speech a re a s .
L a té r a l i s a t io n  o f  language : ev idence from p a t ie n t  s tu d ie s .
The development o f  hemispherectomy fo r  i n f a n t i l e  hem iplegia by 
Krynauw (1950) has allow ed assessm ent o f th e  e f f e c t s  on speech o f removal 
o f e i t h e r  hem isphere in  th e  immature b ra in  and r e p o r ts  show th a t  th e re  i s  
c o n tin u in g  development o f language fu n c tio n  a f t e r  r i g h t  o r  l e f t  lobe 
rem oval. G ardner, K arnosh, McClure and G ardener (1955) ard  H i l l i e r  (1954) 
d e sc r ib e  c h ild re n  w ith  fu n c tio n a l speech a f t e r  l e f t  hanispherectcxny, 
a t t r ib u te d  to  subsequent language development w ith in  th e  "non-dom inant" 
hem isphere. However, th e re  i s  general agreem ent t h a t  in  th e  a d u lt  t h i s  
p l a s t i c i t y  i s  la rg e ly  l o s t  and dcxninant hemispdierectomy has been d is ­
couraged. There a re  th e re fo re  on ly  a  lim ited  number o f  cases  recorded  in  
th e  l i t e r a t u r e .  Z o llin g e r  (1935) and C ro ck e tt and E s tr id g e  (1951) re p o r t 
speech and v e rb a l co m p r^en sio n  (a lthough  s e v e re ly  im paired) to  be 
p re se n t a f t e r  l e f t  hemispherectomy in  th re e  p a t ie n t s .  S n ith  (1966) 
d e sc r ib e s  a  47 y ear o ld  r ig h t  handed man in  whom th e  l e f t  c e rd b ra l lobe 
was removed fo r  gliom a. The p a t ie n t  was s tu d ied  during  th e  f i r s t  seven 
months a f t e r  su rg e ry . In th e  immmediate p o s t-o p e ra tiv e  p e rio d  he showed
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sev e re  re c e p tiv e  and e x p re ss iv e  ap h as ia  and a t  seven months, a lthough  
v e rb a l conprd iension  had slow ly  improved, he remained unable to  speak 
v o lu n ta r i ly  most o f th e  tim e excep t fo r  occasio n a l p ro p o s itio n a l speech. 
As re c e p tiv e  language was le s s  im paired and showed g re a te r  recovery  th an  
e x p re ss iv e  language. Smith concludes t h a t  hem isphere fu n c tio n s  appear to  
d i f f e r  q u a n t i ta t iv e ly  r a th e r  than  q u a l i t a t iv e ly .
F u r th e r  evidence fo r  th e  l a t e r a l  i s a t io n  o f language cones from th e  
fo u r r ig h t  handed ccm m issurectom ised p a t ie n ts  repo rted  by Sperry , 
Gazzaniga and Bogen (1969). Verbal m a te ria l can be v is u a l ly  p resen ted  
s e le c t iv e ly  to  each hem isphere u sing  th e  method described  in  C hapter 1. 
Under t t e s e  te s t in g  c o n d itio n s  th e  p a t ie n t  can read and d e sc rib e  m a te ria l 
o f v a rio u s  k in d s  in  th e  r i g h t  h a l f  f i e ld  ( l e f t  h ^ is p h e r e )  a t  a  le v e l 
s u b s ta n t ia l ly  th e  same as  b e fo re  su rg e ry . However, ccmmissurectomised 
p a t ie n ts  remain c o n s is te n t ly  unable to  d e sc r ib e , in  speech o r  w r it in g , 
s t im u li  which a re  p resen ted  to  th e  l e f t  s id e  o f the  v e r t ic a l  m erid ian  
( r ig h t  h e m is# ie re ) . F u r th e r a n a ly s is  in d ic a te s  th a t  th e  d i f f i c u l t y  w ith  
th e  l e f t  h a lf—f i e l d  o f th e se  p a t ie n t s  i s  not due to  a d e fe c t in  v is io n  
bu t i s  a  d e fe c t in  v e rb a l communication because when sim ple m a te r ia l o r  
o th e r  non-verbal responses a r e  used to  dem onstrate  com prehension, i t  i s  
c le a r  th a t  s t im u li  p resen ted  in  th e  l e f t  h a lf—f ie ld  a re  seen  and can be 
reco g n ised , learned  and remembered.
This s tudy  su g g es ts  t h a t  th e  r ig h t  hem isphere o f th ese  p a t ie n t s  i s  
p r a c t i c a l ly  sp e e c h le s s . However, in  a more re c en t in v e s t ig a t io n  o f s ix  
commissurectomised p a t ie n t s  by Teng and Sperry  (1973), (which in  fa c t  
in c o rp o ra te s  the  same fo u r p a t ie n t s  j u s t  d esc rib ed  by S perry , G azzaniga
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and Bogen), some evidence has been o b ta ined  fo r  r ig h t  hem isphere v e rb a l­
i s a t i o n .  F h t ie n ts  were shown ta c h is to s c o p ic a l ly  e i th e r  l e t t e r s  o r  d i g i t s  
and were asked to  id e n t i fy  them m anually o r  v e rb a lly . C brrect (o r  
e s s e n t i a l ly  c o r re c t )  v e rb a l id e n t i f i c a t io n s  were made fo r  20% of the  
l e t t e r s  and 35% o f th e  d i g i t s  du ring  l e f t  f i e ld  p re s e n ta t io n . Such 
f in d in g s  dem onstrate  an above chance le v e l (about 4% fo r  l e t t e r s  and 10% 
fo r  d ig i t s )  o f  v e rb a l id e n t i f i c a t io n  fo r  l e f t  f i e ld  s t im u l i , even thDugh 
th e  g en e ra l perform ance le v e l was s t i l l  i n f e r i o r  to  th a t  fro n  th e  r ig h t  
f i e l d .  The r e s u l t s  a r e  com patible w ith  th e  c l i n i c a l  o b se rv a tio n s  by Smith 
(1966) re g a rd in g  speech a f t e r  l e f t  hemispherectomy.
Levy, T revarthen  and Sperry  (1972) s im i la r ly  p o in t out a  c o n tra ­
d ic t io n  to  th e  p re v io u s ly  rep o rted  " ty p ic a l  responses"  o f th e se  p a t ie n t s .  
When shown b i l a t e r a l l y  p resen ted  ch im eric  s t im u l i , 3 ou t o f 5 p a t i e n t s
c o r r e c t ly  d e sc rib e d  o r  named both  l e f t  and r ig h t  h a lv es  w ell above chance 
l e v e l . They conclude th a t  i f  v e rb a l is a t io n  indeed came from th e  r ig h t  
hem isphere such r e s u l t s  presum ably r e f l e c t  th e  e f f e c t s  o f p o s t—o p e ra tiv e  
t r a in in g  and re -e d u c a tio n .
l a t é r a l i s a t i o n  o f language: ev idence from normal s u b je c ts .
On a  s im ila r  b a s is  to  th e  in v e s t ig a t io n s  in to  p ro cessin g  o f non­
v e rb a l m a te r ia l ,  experim ental ev idence reg ard in g  language re la te d  hemi­
sphere  asym m etries in  normal s u b je c ts  has la rg e ly  re s te d  upon the  
d em onstra tion  o f d i f f e r e n t i a l  p e rcen tag es  o f re c o g n itio n  fo llow ing  ta c h -  
is to s c o p ic  p re s e n ta t io n  o f such s t im u l i . The in te r p r e ta t io n  o f r e s u l t s  
r e s t s  on th e  assum ption th a t  s t im u li  a re  p>erceived more e a s i ly  i f  they 
have d i r e c t  a c c e ss , v ia  th e  c ro ssed  senso ry  pathways, to  th e  hem isphere 
th a t  s p e c ia l iz e s  in  p ro cessin g  them. Such ta c h is to sc o p ic  d is p la y s  have
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g e n e ra lly  been c l a s s i f i e d  as  e i th e r  u n i l a t e r a l  (su ccess iv e ) o r  b i l a t e r a l  
(s im u ltan eo u s) . In th e  ty p ic a l  u n i l a t e r a l  design  a  su b je c t i s  in s tru c te d  
to  focus upon th e  c e n tr a l  p o s i t io n  o f  th e  d isp la y  f i e ld  and fo llow ing  a 
b r ie f  in t e r v a l ,  i s  then  shown a  s tim u lu s  to  th e  r ig h t  o r  th e  l e f t  o f t h i s  
c e n tr a l  p o in t .  C o r tic a l  p ro cessin g  i s  subsequen tly  assessed  by ask ing  the  
s u b je c t to  id e n tify  th e  s tim u lu s  u sing  e i th e r  r e c a l l  o r  re c o g n itio n  
m easures. B i la te r a l  d esigns in v o lv e  an e s s e n t ia l ly  s im ila r  methodology 
w ith  th e  excep tion  th a t  two o r  more s t im u li  a re  sim u ltaneously  p re sen te d , 
one to  th e  r ig h t  and one to  th e  l e f t  o f f ix a t io n .  From i t s  in c ep tio n  
u n i la te r a l  ta c h is to s c o p ic  p re s e n ta t io n , in  r ig h t  handers, has c o n s is te n t­
ly  dem onstrated a s tro n g  r ig h t  v is u a l  f i e l d  ( i . e .  l e f t  hem isphere) rec ­
o g n itio n  s u p e r io r i ty  fo r  v e rb a l m a te r ia l ,  bo th  w ith  s in g le  l e t t e r s  
(Bryden, 1965 and 1973; Kimura, 1966; R iz z o la t t i ,  U m ilta and B erlu cch i, 
1971; Higenbottam, 1973) and s in g le  d i g i t s  (Hines and S a tz , 1971; 
G effen , Bradshaw and W allace, 1971).
D esp ite  th e se  c le a r  and c o n s is te n t  r e s u l t s ,  b i l a t e r a l  v e rb a l 
d is p la y s  produced o p p o site  f in d in g s  w ith  s im ultaneous exposures r e s u l t in g  
in  more a c c u ra te  re c o g n itio n  in  th e  l e f t  v is u a l  f i e l d ,  a  r ig h t  a s  opposed 
to  a  l e f t  hem isphere p re fe ren ce  (C rosland , 1931; Heron, 1957). I t  was not 
u n t i l  1971 th a t  McKeever and R uling (1971) re so lv ed  th e se  d if fe re n c e s  by 
i n i t i a t i n g  an o b je c t iv e  c o n tro l o f f ix a t io n ,  re p la c in g  the  s tandard
f ix a t io n  p o in t w ith  a  d i g i t ,  which th e  s u b je c t was req u ired  to  r ^ o r t  
p r io r  to  any p e r ip h e ra l id e n t i f i c a t io n s .  This a d d itio n  was employed to  
c o n tro l fo r  d ir e c t io n a l  scanning which u s u a lly  favours the  l e f t  in
sim ultaneous h a l f - f i e ld  s tim u la tio n  because when in fo rm atio n  i s  p resen ted  
a t  th e  same tim e to  both  h a l f - f i e ld s  th e  one on th e  l e f t  i s  "lodged a t"  
and re p o rte d  f i r s t  r e s u l t in g  in  a  l e f t  v is u a l h a l f  f i e ld  s u p e r io r i ty .
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In tro d u c tio n  o f c o n tro lle d  f ix a t io n  helped  to  re so lv e  u n i la te r a l  and 
b i l a t e r a l  d i s p a r i t i e s  and subsequen tly  th e  l e f t  hem isphere was shown to  
respond more a c c u ra te ly  to  v e rb a l s t im u li  w ith  bo th  types o f experim ental 
d esig n .
While s in g le  l e t t e r s  and d i g i t s  a r e  c e r ta in ly  language symbols they 
have l i t t l e  co n n o ta tiv e  meaning compared to  words. Several s tu d ie s  have 
th e re fo re  in v e s t ig a te d  v is u a l f i e ld  d if f e r e n c e s  using  m eaningful words as 
s t im u l i ,  w ith  both  u n i la te r a l  p re s e n ta tio n  ( H i l l i a r d ,  1973; H ines, 1976; 
Bradshaw, G ates and N e tt le to n , 1977) and b i l a t e r a l  d isp la y s  (Mackavey, 
C urcio  and Rosen, 1975; K le in , 1976). Seme such s tu d ie s  have a lso  
compared hem ispheric  d if fe re n c e s  in  p ro cess in g  d i f f e r e n t  c a te g o r ie s  of 
words. Viewing s in g le  s y l la b le  words (nouns, pronouns, a d je c t iv e s ,  verbs 
and ad v e rb s) , a  s e r ie s  o f random consonants ( e .g .  f x z t ,  j c f r )  and 
p h o n o lo g ica lly  le g a l nonwords, homophonous w ith  re a l  words ( e .g .  k i r l ,  
f a le )  Bradshaw e t  a l  (1977) found r ig h t  handed m ales to  be s ig n i f ic a n t ly  
f a s t e r  and more a cc u ra te  in  th e  r ig h t  v is u a l  f i e l d  to  a l l  types of 
s t im u l i .  The r ig h t  f i e ld  la ten cy  s u p e r io r i ty  fo r  r ig h t  handed fem ales 
proved n o n -s ig n if ic a n t . In co rp o ra tin g  bo th  u n i la te r a l  and b i l a t e r a l  
d esig n s  in to  one study and p re se n tin g  f a m il ia r  and u n fa m ilia r  v e rb s , 
a b s t r a c t  nouns and co n cre te  nouns, H ines (1976) has rep o rted  a s ig n i f ­
ic a n t ly  g re a te r  r ig h t  v is u a l f i e ld  re c o g n itio n  accuracy under a l l  
c o n d itio n s . The fa m il ia r  a b s t r a c t  nouns showed a g re a te r  r ig h t  v isu a l 
f i e l d  s u p e r io r i ty  than  d id  the  f a m il ia r  c o n c re te  nouns and Hines su g g ests  
th a t  the  decreased  asymmetry fo r  th e  c o n c re te  nouns may be due to  rec­
o g n itio n  o f th e se  words by both the  r ig h t  and th e  l e f t  hem ispheres. A 
la rg e r  r ig h t  h a l f  f i e ld  asymmetry fo r  a b s t r a c t  over c o n c re te  nouns has 
a ls o  been ^ow n by E l l i s  and Shepherd (1974).
Mackavey e t  a l  (1975) have po in ted  ou t th a t  th e  h o r iz o n ta l o r ie n t ­
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a t io n  o f words in  th e se  ta c h is to s c o p ic  paradigm s may a c tu a l ly  favour the 
r i g h t  h a l f  f i e l d  because words p re sen ted  in  th e  l e f t  v is u a l f i e ld  o r ig in ­
a te  fu r th e r  away from th e  f ix a t io n  p o in t ( e .g .  4 deg rees) th an  do those  
shown in  th e  r ig h t  v is u a l  f i e ld  ( e .g .  1 o r  2 d e g re e s ) . However, in  an 
experim ent in c o rp o ra tin g  h o r iz o n ta l and v e r t i c a l  placem ent of common 
nouns, a  r ig h t  h e m i-fie ld  re c o g n itio n  advantage was found under both  
c o n d itio n s . The same r e s u l t  a lso  c o n s is te n t ly  occurred w ith  long and 
s h o r t  exposure d u ra tio n s  and even w ithout f ix a t io n  c o n tro l ,  dem onstrating  
th a t  th e  r ig h t  v is u a l  f i e ld  s u p e r io r i ty  fo r  words i s  ex trem ely  ro b u s t.
L a té r a l i s a t io n  o f language evoked p o te n t ia l  s tu d ie s .
The use o f averaged evoked p o te n t ia l  tech n iq u es  fo r  the  s tudy  of 
language o rg a n is a tio n  has become in c re a s in g ly  popular in  th e  p a s t  few 
y e a rs  w ith  th e  ex p ec ta tio n  th a t  e le c tro p h y s io lo g ic a l  r e s u l t s  would 
c lo se ly  p a r a l l e l  th e  asym m etries d esc rib ed  w ith  ta c h is to s c o p ic  d is p la y s . 
However, th e  m a jo rity  o f such s tu d ie s  have been ex c lu s iv e  to  th e  a u d ito ry  
m odality  u s in g  speech s tim u li  and only  a  sm all number of in v e s t ig a tio n s  
in c o rp o ra tin g  v is u a l  p re se n ta tio n  o f language m a te ria l have been 
d e sc r ib e d . The s tim u li  have co n sis te d  o f e i th e r  s in g le  l e t t e r s ,  s in g le  
d i g i t s  o r  in d iv id u a l words. Courchesne, Courchesne ard H illy a rd  (1978), 
d isp la y in g  l e t t e r s  and d i g i t s  in  a  ta sk  in  which a d u lt  s u b je c ts  had to  
count ta r g e t  s l id e s  and d is re g a rd  background s t im u l i ,  have rep o rted  a  
P300 in  response to  a l l  c a te g o r ie s  o f s l i d e s ,  w hether t a r g e t ,  n o n - ta rg e t ,  
o r  s l i g h t ly  o r  h ig h ly  d ev ian t from th e  background sequence. Recording 
from mid l in e  e le c tro d e s  (Fz, Cz and Pz) r e fe r re d  to  th e  r ig h t  m astoid 
they  d e sc r ib e  th re e  main peaks w ith  la te n c ie s  o f 90-150 ms, 160-280 ms 
and 300-600 ms ("P 300"). In an id e n t ic a l  experim ent w ith  c h ild re n  aged 6 
to  17 y e a r s ,  Courchesne (1978) re p o r ts  s im ila r  f in d in g s  but no tes  th a t
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P300 la te n c ie s  d ecrease  w ith  age, su g g es tin g  th a t  the  speed o f v e rb a l 
p ro cess in g  in c re a s e s  w ith  age. In both  th e se  s tu d ie s  symmetry was not 
a s s e s s a b le  due to  th e  use o f m id lin e  e le c tro d e s  on ly .
Comparing the  evoked p o te n t ia l  to  s in g le  l e t t e r s  and random shapes 
in  tw enty r ig h t  handed males w ith  r ig h t  and l e f t  o c c ip i ta l  e le c tro d e s  
r e fe r re d  to  th e  e a r lo b e , Mancuso, Lawrence, H intze and White (1979) 
re p o r t  e a r l i e r  la te n c ie s  on th e  l e f t  s id e  fo r  peak la te n c ie s  in  th e  100 
to  300 ms range fo r  v e rb a l s t im u l i .  Ifowever, t h e i r  s in g le  i l l u s t r a t i o n  
does no t d e p ic t any w ell d e fined  components and th e  r e s u l t s  d id  not reach 
s t a t i s t i c a l  s ig n if ic a n c e . Shelburne (1972) p resen ted  th re e  l e t t e r  words 
and th re e  l e t t e r  nonsense t r ig r a n s  (w ith  l e t t e r s  shown co n secu tiv e ly ) to  
e ig h t r ig h t  handed su b je c ts  whose ta sk  was to  p re ss  a sw itch  w ith  the  
r ig h t  hand i f  th e  l e t t e r s  s p e l t  a  word. The e le c tro d e s  were p laced a t  Cz, 
P4, P3, 02 and 01, a l l  re fe r re d  to  lin k ed  m asto id s. No d e ta i le d  d e sc r ip ­
t io n  i s  given o f th e  evoked p o te n t ia l  d u ring  th e  750 ms p o st s tim u lus 
a n a ly s is  tim e but " la te n c ie s  and am plitudes o f prom inent peaks and
tro u g h s were m easured". No c o n s is te n t ly  r e l i a b le  d if fe re n c e s  were found 
between the  responses to  word s t im u li  and nonsense s t im u li  o r  between 
r ig h t  and l e f t  hem ispheres. Id e n t ic a l  r e s u l t s  were ob ta ined  using  the
same experim ental procedure w ith  tw enty c h ild re n  o f mean age 10 y ea rs
(S helburne, 1973). Buchsbaum and Fedio (1969) p re sen tin g  th re e  l e t t e r
words ( f a m il ia r  nouns, ve rb s  and a d je c t iv e s ) ,  random d o ts  and p a t te r n s , 
in  an experim ent in  which th e  s u b je c ts  were not req u ired  to  perform  a
ta s k , found the  la ten cy  o f a  p o s i t iv e  component a t  190-280 ms to  be
e a r l i e r  by 24 ms fo r  a l l  types o f words compared to  the non-verbal
s t im u l i .  Recording from o c c ip i ta l  le ad s  (02 and 01) re fe r re d  to  the
i p s i l a t e r a l  e a r lo b es  they  observed no s ig n i f ic a n t  la ten cy  d if fe re n c e s
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between r ig h t  and l e f t  le ad s  bu t u sing  a  com plicated com putational 
tech n iq u e  to  d e r iv e  a  d isc r im in a tio n  index in  o rd e r to  in v e s t ig a te  
hem ispheric  asyiunetry they  s t a t e  "waveforms fo r  v e rb a l and non-verbal 
s t im u li  were more d i f f e r e n t  from th e  l e f t  hem isphere than  from the 
r ig h t " .  P res to n  (1979) recorded  from e ig h teen  r ig h t  handed s u b je c ts  who 
viewed th re e  l e t t e r  words and nonsense p a t te rn s  matched fo r  p h ysica l 
p ro p e r t ie s ,  t h e i r  only ta sk  being to  make a  m ental count o f a p a r t ic u la r  
word. E lec tro d e s  were p laced over r ig h t  and l e f t  o c c ip i ta l  and p a r ie ta l  
a re a s  (02 , 01, P4 and P3) re fe r re d  to  th e  i p s i l a t e r a l  m asto id . O ily  the  
350-500 ms p o s t s tim u lu s  period  was analysed  a t  11 sample p o in ts , 16 ms 
a p a r t .  The r e s u l t s  showed a s ig n i f ic a n t ly  h ig h e r am plitude over th e  l e f t  
p a r i e t a l  a re a  compared to  th e  r ig h t  p a r ie ta l  reg io n  (mean d if fe re n c e  2 .6  
uV) w ith  r e a l  words but not w ith  nonsense words. O c c ip ita l lead s  showed 
no asymmetry which i s  in  keeping w ith  th e  r e s u l t s  o f two e a r l i e r  s tu d ie s  
(Mancuso e t  a l ,  1979; Buchsbaum and F ed io , 1969).
The evoked p o te n t ia ls  to  s e q u e n tia l words o f a  sen tence  have a lso  
been in v e s t ig a te d . Friedman, Simpson, R i t t e r  and Rapin (1975) p resen ted  
s l id e s  o f  words co n se c u tiv e ly , each b lock  com prising s ix  words which made 
a  sen te n c e , to  e ig h t r ig h t  handers whose ta sk  was to  re p o r t  th e  second 
word shown in  a  t r i a l .  The f i r s t  grapheme o f th e  second word was om itted  
so th a t  th e  s u b je c t d id  not know th e  meaning o f th e  second word u n t i l  the  
l a s t  word was p re sen ted , e .g .  th e  - e e l  i s  on th e  shoe. With e le c tro d e s  a t  
Cz and over th e  r ig h t  and l e f t  te m p o ro -p a rie ta l reg io n s  r e fe r re d  to  the 
nose they  recorded  fo u r major components a t  140 ms, 220 ms, 280 ms and 
300-600 ms, (P300). Friedman e t  a l  noted th e  p resence o f a  P300 wave to  
a l l  th e  words o f a  sen tence regard  le s s  o f w hether o r  not they  d e liv e red  
in fo rm atio n  to  th e  s u b je c t. However, th e re  were no s ig n i f ic a n t  am plitude 
asym m etries in  any o f the  components. Kutas and H illy a rd  (1982) have
192
c a r r ie d  ou t a  s tudy  o f s im ila r  design  w ith  sen ten ces  (c o n s is tin g  o f seven 
words) p re sen te d  one word a t  a  tim e. H alf th e  sen ten ces  were conpleted  by 
a  sem an tica lly  a p p ro p ria te  word and h a l f  by an in a p p ro p r ia te  word, e .g .  
th e re  a re  many people in  th e  w a l le t .  Recording w ith  a  linked  m astoid 
re fe re n c e  from Cz, C3, C4, T3, T4 and two sym m etrical tem p o ro -p a rie ta l 
e le c tro d e s  over W ernicke’s  a re a , they  d e sc r ib e  th re e  components a t  120- 
150 ms, 180-250 ms and 400-700 ms and no te  t h a t  th e se  responses were 
p re sen t w ith  a l l  w ords. For words 1 to  6 they  found a  l e f t  g r e a te r  than  
r ig h t  am plitude asymmetry o f the  400-700 ms component in  te m p o ro -p a rie ta l 
le ad s  whereas w ith  th e  7 th  word t h i s  wave was o f h ig h e r am plitude on th e  
r ig h t .  No o th e r  e le c tro d e  p o s it io n s  showed a hem isphere d if f e r e n c e .
Although th e se  s tu d ie s  re p o rt c o n f l i c t i r ^  evidence regard ing  hemi­
sphere  asym m etries in  response to  v e rb a l s t im u l i ,  they  do prov ide a  
s tro n g  in d ic a t io n  o f an e x is t in g  la te  component between 300 and 700 ms. 
The p re sen t experim ent was th e re fo re  undertaken  to  s u b s ta n t ia te  the  
occurrence  o f P300 to  v e rb a l m a te r ia l and to  in v e s t ig a te  any subsequent 
asymmetry in  a  group o f r ig h t  handed s u b je c ts  \dio had, c o l le c t iv e ly  in  an 
e a r l i e r  experim ent, shown a  c le a r  r ig h t  hem isphere am plitude s u p e r io r i ty  
to  non-verba l s t im u l i .
I t  was expected th a t  a  P300, perhaps showing co n sid e rab le  
v a r i a b i l i t y  in  la te n c y , would be recorded  in  response  to  s l id e s  o f common 
words. A marked am plitude asymmetry o f t h i s  component seemed do u b tfu l 
c o n s id e rin g  th e  p rev ious equivocal r e p o r ts ,  bu t i f  p re s e n t, l a t é r a l ­
i s a t io n  was l ik e ly  to  be l e f t  g re a te r  than  r ig h t  in  th e  r ig h t  handed 
s u b je c ts .  I t  was hoped th a t  the  c u rre n t use o f sim ultaneous re c o rd in g s  
from tem poral, p a r ie ta l  and o c c ip i ta l  a re a s  would prov ide a g re a te r  
p ro b a b i l i ty  o f d e te c tin g  any sm all am plitude asym m etries compared to  the
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p re v io u s ly  re p o rte d  s tu d ie s  which confined  e le c tro d e s  to  p a r ie ta l  and 
o c c ip i ta l  (o r  j u s t  o c c ip i ta l )  reg io n s  on ly .
B r ie f  p ro ced u re :
F if te e n  r ig h t  handed s u b je c ts ,  9 fem ales and 6 m ales, p a r t ic ip a te d .  
A ll s u b je c ts  were th e  same in d iv id u a ls  (from  the  o r ig in a l  group of 
t h i r t y )  who took  p a r t  in  Experim ent 1. T heir ages ranged from 20 to  53
y e a rs , mean age 35 y e a r s . Each s u b je c t viewed one s e t  o f s l id e s  com­
p r is in g  41 common words (se e  Appendix C ), cen tered  p h o to g rap h ica lly  and 
c o n s is t in g  o f w hite l e t t e r s  on a b lack  background. The s l id e s  were 
p re sen ted  fo r  two seconds a t  random in te r v a l s  and the  s u b je c ts  were
req u ested  to  f ix a te  the  c e n tre  o f th e  sc re e n . R ecordings were made from
r ig h t  and l e f t  p a r i e t a l ,  o c c ip i ta l  and p o s te r io r  tem poral e le c tro d e s  w ith
Fz a c tin g  as th e  re fe re n c e .
R e su lts  :
Again, evoked p o te n t ia l s  were recorded  c o n s is te n tly  from each 
s u b je c t  a t  a l l  e le c tro d e  s i t e s .  T ables 7 :1  and 7 :2  show the mean 
am plitude  and la te n c ie s  fo r  PlOO and P300 re s p e c tiv e ly  a t  each e le c tro d e  
p o s i t io n .  The d a ta  from t h i s  experim ent conform to  th e  same f a c to r i a l  
a n a ly s is  o f v a rian ce  (ANOVA) design  used p rev io u s ly . ANOVA was th e re fo re  
perform ed se p a ra te ly  on each dependent v a r ia b le ,  namely PlOO am p litu d e , 
PlOO la te n c y , P300 am plitude and P300 la te n c y .
ANOVA: PlOO am plitude
Table 7 :3  and Fig 7 :4  p re se n t th e  ANOVA r e s u l t s  fo r  PlOO am p litu d e , 
w ith  p< 0 .05  again  being regarded as  s ig n i f ic a n t  in  re sp e c t to  th e  ta b le  










































































































































































PlOO AMPLITUDE TABIiE 7 :3











































































PlOO LATENCY TABLE 7:5


























































P300 AMPLITUDE TABLE 7 :7
















































































































P300 LATENCY TABLE 7:10



























































Table 7 :5  and F ig  7 :6  show th e  ANOVA r e s u l t s  fo r  PlOO la te n cy . 
Again, th e re  were no s ig n i f ic a n t  e f f e c t s .
ANOVA: P300 am plitude
Table 7 :7  and F ig  7 :8  p re se n t th e  ANOVA f in d in g s  fo r  P300 
am plitude . There was no g en era l e f f e c t  o f l a t e r a l i t y .  The only s ig ­
n i f i c a n t  e f f e c t  was an in te r a c t io n  between l a t e r a l i t y ,  p o s it io n  and sex , 
F (2 ,26)=  3 .3 7 , p< 0 .05  ( j u s t  s ig n i f i c a n t ,  p = 0 .0 4 9 8 ). F ig  7 :9  shows the  
mean P300 am plitude fo r  males and fem ales s e p a ra te ly  a t  each e le c tro d e  
p o s i t io n .  This component i s  g e n e ra lly  o f h ig h e r am plitude fo r  fem ales 
than  m ales, bu t th e  s ig n if ic a n t  in te r a c t io n  i s  due to  P300 o c cu rrin g  in  
th e  l e f t  tem poral reg ion  a t  11.8 uV f o r  fem ale s u b je c ts  compared to  7 .1  
uV f o r  m ales, a  d if fe re n c e  o f 4 .7  uV.
ANOVA: P300 la ten cy
Table 7:10 and F ig  7:11 g iv e  th e  ANOVA fin d in g s  fo r  P300 am plitude . 
There were no s ig n i f ic a n t  r e s u l t s .
D iscussion
T his experim ent shows th a t  bo th  PlOO and P300 can be evoked by 
view ing s l id e s  o f words, when the  only  ta sk  i s  to  watch th e  s t im u l i .  With 
re s p e c t to  P300 th e se  r e s u l t s  confirm  th e  f in d in g s  o f Courchesne e t  a l 
(1978), Friedman e t  a l  (1975) and K utas and H illy a rd  (1982) who have 
re p o rte d  the  p resence o f a l a te  wave in  response  to  a l l  c a te g o r ie s  of 
words.
PlOO occurred  in  the  range o f 90 -  94 ms fo r  la ten cy  and between 
3 .7  and 5 .7  uV fo r  am plitude . I t  i s  d i f f i c u l t  to  conpare th e se  v a lu es
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w ith  th o se  o f o th e r  workers because d e t a i l s  o f  PlOO, in  response to  
v e rb a l s t im u l i ,  have r a r e ly  been re p o r te d . However, th e  p re sen t la te n cy  
v a lu e  o f  90 -  94 ms i s  comparable to  th a t  o f Courchesne, Courchesne and 
H illy a rd  (1978) who d e sc rib e  an e a r ly  component between 90 and 150 ms in  
response  to  s l id e s  o f s in g le  l e t t e r s  and d i g i t s .  Friedman e t  a l  (1975) 
and K utas and H illy a rd  (1982) re p o r t  longer PlOO la te n c ie s ,  a t  140 and 
120 -  150 ms re s p e c tiv e ly , in  response to  se q u e n tia l words o f a  s en te n c e .
When compared to  th e  PlOO v a lu es  ob ta ined  w ith  p re se n ta tio n  ( to  th e  
same s u b je c ts )  o f  non-verbal m a te r ia l du ring  Experiment 1, t h i s  component 
shows s e v e ra l  d if f e r e n c e s . The o v e ra l l  PlOO am plitude o f 3 .7  -  5 .7  uV 
w ith  v e rb a l m a te r ia l i s  much sm alle r than  th a t  ob tained  w ith  s l id e s  o f 
fa c e s  (6 .4  -  12.7 uV) and geom etric d esig n s  (6 .4  -  12.1 uV). However, i t  
i s  com parable to  the  am plitude recorded  from tem poral and p a r ie ta l  
reg io n s  w ith  p a t te rn  re v e rsa l  (4 .9  -  6 .4  uV) but th e  marked o c c ip i ta l  
maximum observed w ith  p a tte rn  re v e rs a l  and the  o th e r  non-verba l 
c o n d itio n s  i s  not ap p aren t. In f a c t  th e  am plitude o f PlOO w ith  word 
s t im u li  was very  s im ila r  a t  a l l  e le c tro d e  s i t e s  and th e re  was no s ig ­
n i f i c a n t  p o s i t io n  e f f e c t .  This f in d in g  could e i th e r  s ig n ify  t h a t  s l id e s  
o f  words proved in s u f f ic ie n t  in  e l ic i t in g "  a  response from th e  o c c ip i ta l  
reg io n  (perhaps due to  fa c to r s  r e la te d  to  luminance o r  c o n tr a s t)  o r  th a t  
v e rb a l m a te r ia l  i s  processed  w ith  le s s  lo c a l i s a t io n .
PlOO la te n cy  in  response to  v e rb a l m a te r ia l (90 -  94 ms) i s  can- 
p a ra b le  to  th e  v a lu es  th a t  were found w ith  geom etric desig n s  and p a t te rn  
re v e r s a l  (89 -  96 ms) and s im ila r ly  occurred  approxim ately  24 ms e a r l i e r  
than  th a t  re p o rted  fo r  known and unknown faces  (114 -  118 m s).
D e ta i l s  o f P300 in  response to  v e rb a l s t im u li  have been d e sc rib ed  
more f re q u e n tly  in  the  l i t e r a t u r e  a lthough  a b so lu te  am plitude v a lu es  
have rece iv ed  l i t t l e  a t te n t io n  because th e  emphasis has u su a lly  been on
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peak la te n c ie s .  For P300 am plitude th e re  was no s ig n if ic a n t  g enera l 
e f f e c t  o f l a t e r a l i t y ,  a  f in d in g  which i s  c o n s is te n t  w ith  th e  lack  of 
asymmetry re p o rted  by Shelburne (1972), Shelburne (1973) and Friedman e t  
a l  (1975). The study  by S qu ires  (1983) may h e lp  to  ex p la in  t h i s  n eg a tiv e  
f in d in g . Recording th e  responses to  a u d ito ry  s tim u li  frcm depth  and 
su rfa c e  e le c tro d e s  in  ch ro n ic  e p i l e p t i c s ,  he p o in ts  out th a t  even %hen
marked E .P . asym m etries a re  p re sen t from c o r t i c a l  s t ru c tu re s  ( i . e .  lim bic  
s i t e s )  th e  sca lp  p o te n t ia l s  may be sym m etrical. The p re sen t P300 mean 
la te n cy  value  o f 289 -  295 ms i s  s im ila r  to  th e  lower end o f th e  300 -
600 ms range o f th e  l a te  wave d e sc rib ed  by Courchesne e t  a l  (1978) u sing  
s in g le  l e t t e r s  and d i g i t s ,  and by Friedman e t  a l  (1975) reco rd ing  the  
response to  in d iv id u a l words o f a  sen te n c e . I t  i s  somewhat e a r l i e r  than  
th e  400 -  700 ms component re p o rted  by K utas and H illy a rd  (1982). No 
p rev io u s  study  has compared th e  am plitude o f P300 to  v e rb a l s tim u li  
between m ales and fem ales. Tliere was no s ig n i f ic a n t  general e f f e c t  o f sex 
bu t th e re  was an in te r a c t io n  between l a t e r a l i t y ,  p o s it io n  and sex (F ig  
7 :9 ) caused by th e  am plitude o f P300 being  4 .7  uV la rg e r  fo r  fem ales, 
compared to  m ales, in  th e  l e f t  p o s te r io r^ te m p o ra l reg io n .
C onsidering  th e  am plitude o f P300 w ith  re sp e c t to  the  va lu es  
re p o rte d  fo r  non-verbal s t im u li  in  Experim ent 1, th e  o v e ra l l  range o f  7 .7  
-  9 .9  uV i s  much lower than  th a t  found w ith  known and unknown faces  (12 -
22 uV) and geom etric  desig n s  (11 -  15 uV) but i s  s im ila r  to  th a t
d e sc rib ed  fo r  p a t te rn  re v e rs a l  (5 .9  -  9 .1  uV). Again, the  topography 
d i f f e r s  from th a t  seen in  response to  face  s t im u li  which showed a  c le a r  
maximum am plitude in  tem poral and o c c ip i ta l  re g io n s . In c o n tr a s t ,  P300 
am plitude to  v e rb a l s t im u li  was s im ila r  a t  a l l  e le c tro d e  s i t e s ;  th e re  was 
no s ig n i f ic a n t  g en era l e f f e c t  o f p o s i t io n .  I f  i t  i s  accep ted  th a t  an a re a
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o f  maximum am plitude r e f l e c t s  in c re ase d  c o r t i c a l  p ro cessin g  then  th i s  
r e s u l t  su g g es ts  th a t  th e re  i s  no one c le a r ly  lo c a l is e d  a re a  fo r  v e rb a l 
m a te r ia l  because s l id e s  o f  words a c t iv a te  tem poral, p a r ie ta l  and occ­
i p i t a l  reg io n s  e q u a lly .
Comparing P300 la te n cy  between v e rb a l and non-verbal co n d itio n s  
th e  mean o f 289 -  295 ms in  response to  word s t im u li  i s  s im ila r  to  th a t
found w ith  known and unknown fa c e s  (289 -  293 ms) but i s  co n sid e rab ly
l a t e r ,  by approxim ately  20 ms, than  th e  265 -  279 ms recorded  w ith  
geom etric  desig n s  and p a tte rn  r e v e r s a l .  These f in d in g s  do not support th e  
r e s u l t s  o f Buchsbaum and Fedio (1969) who d e sc rib e  a  p o s i t iv e  ccmponent 
which was 24 ms e a r l i e r  fo r  words compared to  non-verbal s t im u li .  
However, t h e i r  p o s i t iv i ty  occurred  between 190 and 280 ms, a t  a  much 
s h o r te r  la te n cy  than  th e  p re se n t P300, and th e re fo re  may not be s t r i c t l y  
com parable.
I t  i s  in te r e s t in g  to  no te  th e  d if fe re n c e  o f 200 ms between th e  mean 
la te n c ie s  o f PlOO and P300 in  response to  word s t im u li .  Experiment 1, 
w ith  non-verbal s l id e s ,  had shown a  c o n s is te n t  P100/P300 in te r v a l  o f 175 
to  180 ms; f o r  example: w ith  both  face  co n d itio n s  th e  mean PlOO la te n c y
was 116 ms and P300, 292 ms, a  d iffe ren ce - of 176 ms. S im ila r ly , w ith  
gecxnetric desig n s  and p a tte rn  re v e rs a l  th e  mean PlOO and P300 v a lu e s  were 
92 ms and 270 ms re s p e c tiv e ly , a  d if f e re n c e  o f 178 ms. T his f a i r l y
uniform  tim e in te rv a l  seemed to  su ggest th a t  th e  la te n cy  o f P300 was 
dependent on th a t  o f PlOO. However, th e  la te n c ie s  o f th e se  two components 
in  response  to  v e rb a l s t im u li  in d ic a te  o th e rw ise  because th e  mean PlOO 
la te n c y  (92 ms) was s im ila r  to  th a t  found w ith  desig n s  and p a t te rn
re v e r s a l  (92 ms) bu t was e a r l i e r  than  PlOO w ith  face  c o n d itio n s  (116 m s). 
C onversely , P300 (w ith  a mean la te n cy  o f 292 ms in  response to  words) was 
l a t e r  than  th a t  recorded w ith  desig n s  and p a t te rn  re v e rs a l  (265-275 ms)
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though s im ila r  to  th e  la te n cy  w ith  fa c e s  (292 m s). This f in d in g  c le a r ly  
shows th a t  th e  la te n cy  o f P300 w ith  v e rb a l s t im u li  i s  independent o f PlOO 
and a ls o  prompts th e  q u estio n  as  to  why t h i s  ccmponent should be so much 
l a t e r .  S lid e s  o f words and th o se  o f fa c es  have two fa c to r s  in  common 
which a re  not shared  w ith  p a t te rn  re v e r s a l  and geom etric designs : bo th
have c o g n itiv e  co n ten t and bo th  show a 20 ms P300 d e lay . I t  seems 
l ik e ly ,  th e re fo re ,  th a t  th i s  in c re a se  in  la te n c y  r ^ r e s e n t s  a d d itio n a l 
c o r t i c a l  p ro cess in g , s u b s ta n t ia t in g  th e  view th a t  P300 i s  indeed re la te d  
to  c o g n itio n .
To summarise th e  main f in d in g s : PLOO and P300 w ere e l i c i t e d  by s l id e s  o f
common words. Both components were o f low am plitude and showed a  
d i f f e r e n t  topography to  th a t  found p re v io u s ly  w ith  non-verbal c o n d itio n s . 
There was no genera l asymmetry in  P300 am plitude bu t fem ales showed a 
la rg e r  resp o n se , compared to  m ales, in  th e  l e f t  tem poral re g io n . The 
la te n cy  o f P300 was shown to  be independent o f PlOO and in  th e  same range 
a s  th a t  recorded in  response to  fa c e s , s u ^ e s t i n g  th a t  th i s  ccmponent 
does r e f l e c t  c o g n itiv e  p ro cess in g .
The f i r s t  fou r experim ents have p rovided  a  c o n sid e rab le  amount of 
in fo rm atio n  r e la t in g  to  th e  evoked p o te n t ia l  waveform in  normal s u b je c ts ,  
in c lu d in g  th e  range and v a r i a b i l i t y  o f PlOO and P300 w ith  handedness, sex 
and age, and in  response to  s ix  d i f f e r e n t  types o f v is u a l s t im u l i .  This 
c o l le c t io n  o f d a ta  i s  an e s s e n t ia l  p r e r e q u is i te  fo r  any subsequent 
in v e s t ig a t io n  o f p a t ie n ts  w ith c e re b ra l  d y sfu n c tio n  because co n fid e n t 
p re d ic t io n s  and comparisons can on ly  be made w ith  re fe re n c e  to  the  
n a tu ra l  v a r i a b i l i t y  found in  th e  normal p o p u la tio n . The o p p o rtu n ity  to  
s tudy  p a t ie n ts  w ith  in te r e s t in g  and r e la te d  neuropsycholog ical d e f i c i t s
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su bsequen tly  a ro se  and th e  nex t two c h ap te rs  d eal e x c lu s iv e ly  w ith  th e  




In v e s tig a t io n  o f a  p a t ie n t  w ith  prosopagnosia
Prosopagnosia , a  very r a r e  syndrome invo lv ing  an in a b i l i ty  to
recogn ise  a  h ig h ly  f a m il ia r  person  from f a c ia l  cues a lo n e , was d escribed  
in  c o n sid e rab le  d e t a i l  in  C hapter 1 and th e  disagreem ent r ^ a r d in g  the 
lo c a l i s a t io n  o f c a u sa tiv e  le s io n ( s )  and w hether o r  not th e  d e f i c i t  occurs 
in  i s o la t io n  has a ls o  been d iscu ssed  a t  some le n g th . W ithout d e tra c t in g  
from th e  c o n tro v e rs ia l  n a tu re  o f th e se  is su e s  th e re  can be no doubt th a t  
fo r  a study concerned w ith  face  p ro cess in g  mechanisms a p a t ie n t  w ith  
prosopagnosia p ro v id es  an id e a l s u b je c t .  R .B ., a  53 y ear o ld  plum ber, was 
j u s t  such a  ca se .
He p resen ted  in  May, 1975 w ith  sudden o n se t o f f e e l in g s  of
u n re a l i ty  and d i f f i c u l t y  in  reco g n is in g  f a m ilia r  fa c e s , follow ed by 
d ep re ss io n . Psychoraetry (Maida Vale H o sp ita l)  in d ic a te d  a  poor ve rb a l 
memory and a  p r o f i l e  su g g es tiv e  o f a  r ig h t  tem p o ro -p a rie ta l le s io n .  CT 
scan a t  t h i s  tim e and on subsequent o ccasions (September 1975 (F ig  8 :1 a ) 
and December 1976) rev ea led  a  low d e n s ity , w ell defined  a re a  in  th e  r ig h t  
p o s te r io r  p a r i e t a l  re g io n , w ithou t any ev idence o f p ro g re s s io n . In the  
autumn o f 1975 h is  v is u a l  problem s became worse and t h i s  made h is  jo b
very  d i f f i c u l t  because he was unable to  use h is  to o ls  a p p ro p r ia te ly  and
he had d i f f i c u l ty  m atching p a t te r n s .  He sometimes f a i le d  to  reco g n ise  h is  
w ife a t  a  d is ta n c e , had d i f f i c u l ty  reco g n is in g  te le v is io n  p e r s o n a l i t i e s ,  
and tended to  g e t lo s t  in  u n fa m ilia r  su rro u n d in g s. His memory was
2 1 2
s l i g h t ly  im paired and he was c lu m ^  a t  b i l l e d  motor a c t i v i t i e s  such as 
dancing .
On adm ission to  th e  R a d c lif fe  In firm a ry , Oxford in  May, 1977 he was 
found to  have a  l e f t  upper hcanonymous quad ran tancp ia  and an Impaired 
a b i l i t y  to  reco g n ise  th e  d e t a i l s  o f f a c ia l  f e a tu re s .  There was no dys­
p h asia  bu t some h e s i t a t io n  in  read ing  and m em orisation was po o r. Neuro­
lo g ic a l  exam ination was o th erw ise  noim al. The E.E.G. showed b item poral 
fo c a l th e ta  waves w ith  a  l e f t  a n te r io r  tem poral em phasis. CT scan ag a in  
rev ea led  a  p e r s i s te n t  r i g h t  tem p o ro -p a rie ta l le s io n  arri re p e a t scan  in  
Ju ly , 1977 showed an a d d it io n a l  low d e n s ity  a re a  above th e  l e f t  l a t e r a l  
v e n t r i c l e .
In June 1977 th e  p a t ie n t  underwent e x te n s iv e  p ^ c h o lo g ic a l  in v e s t­
ig a t io n  by Dr. Freda Newcombe a t  th e  MRC Neuropsychology U n it, U n iv e rs ity  
Dept, o f C lin ic a l  Neurology, Oxford, who noted th a t  th e  p rosopagnosia  was 
no t as  sev e re  as  has been re p o rted  in  o th e r  c a se s ; he could  reco g n ise  h is  
fam ily  in  a  fa m il ia r  c o n te x t bu t m ight m is id e n tify  thaïi a t  an unexpected 
m eeting o r  in  a  crowd (Newcombe, 1979). He showed a  m oderate degree  o f 
to p o g rap h ica l d i f f i c u l t y  being unable to  remember sim ple l e f t  arri r ig h t  
tu rn s  bu t th e re  was no a p ra x ia  o r  d is tu rb a n c e  o f body im age. The p a t ie n t  
rep o rted  o th e r  v is u a l  d i f f i c u l t i e s  not lim ited  to  the re c o g n itio n  of 
fa c e s ; fo r  exam ple, a lth o u g h  he could  id e n t i fy  a  ca teg o ry  ( f lo w e rs , ra ce  
h o rses and c a rs )  he cou ld  not id e n t i fy  a  p a r t i c u la r  example.
On form al t e s t in g  th e re  was ample ev idence o f h is  d i f f i c u l t y  on 
re c o g n itio n  ta sk s  (u s in g  both  u n fa m ilia r  fa c e s  and fa,ces o f jGamous 
p e o p le ) . He had d i f f i c u l t y  a t  the  le v e l of s o r t in g  photographs in to  two 
groups, famous and unknown. The d i f f i c u l ty  was not lim ited  to  re c o g n itio n  
a s  i t  took him a  long tim e to  match photographs o f d i f f e r e n t  views o f th e  
same person  and to  p ic k  ou t th e  photographs o f  a  d i f f e r e n t  face  frcm two
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id e n t ic a l  photographs o f an o th e r p e rso n . He r a r e ly  made e r ro r s  in  
m atching ta sk s  bu t very  long la te n c ie s  r e f le c te d  h is  search  fo r  d is ­
tin g u is h in g  fe a tu re s  such as th e  h a i r l i n e  o r  th e  shape o f th e  mouth. His 
c o r re c t  re c o g n itio n  sco res  w ith  famous and unknown faces  (conpared to  the  
mean sco res  o f p a t ie n ts  w ith  r i g h t  o r  l e f t  c e re b ra l  le s io n s  and a  group 
o f c o n tro ls )  were as  fo llo w s:
Famous fe.ces (t= 20 ) Unknown faces  (t?=12)
R.B. 13.0  7 .0
R ig h t p o s te r io r  17 .3  8 .2
L e f t  p o s te r io r  17 .9  10.0
C on tro l not a v a ila b le  10.5
H is d i f f i c u l t i e s  were not secondary to  g e n e ra lise d  in te l l e c t u a l  
d e te r io r a t io n  nor were th e  v is u a l  d i f f i c u l t i e s  due to  a g en era l derange­
ment o f v is u a l s p a t i a l  fu n c tio n  fo r  he o b ta ined  th e  maximum sc o re  on a 
v is u a l  cube counting  t e s t  and perform ed w ell on a  t a c t i l e  ta sk  designed 
to  s tudy  p e rc ep tu a l fu n c tio n  in  n e u ro su rg ic a l p a t ie n ts .  The v isu a l 
problem s could not be a sc rib e d  to  a  g ro ss  senso ry  d e f i c i t  e i t h e r  fo r  
a c u ity  was ad eq u a te .
In  an a ttem p t to  answer th e  in te r e s t in g  q u e s tio n  as  to  w hether the  
d i f f i c u l t y  w ith  faces  was s p e c if ic  o r  w hether fa c es  were j u s t  an example 
o f  a  complex type o f v is u a l s t im u li  th a t  th e  p a t ie n t  found d i f f i c u l t  to  
id e n t i fy  and remember, Dr Newcombe noted th a t  th e re  seemed to  be a 
com parable d i f f i c u l t y  w ith  flow ers and c a r s .  In o th e r  words th e  ca tego ry  
was e a s i ly  recognised  but th e  exem plar could  not be d is t in g u is h e d .
The p o s s ib i l i ty  o f a  s e le c t iv e  memory impairm ent was a ls o  examined. 
Dr. Newcombe found th e  p a t ie n t  d id  not have a  g loba l am nesia ( c f .  h is
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perform ance on v is u a l  re c o g n itio n  and ta c tu a l  maze le a rn in g  ta sk s )  bu t 
h is  perform ance on v e rb a l memory t e s t s  was i n i t i a l l y  s ig n i f i c a n t ly
im paired bu t improved as h is  d ep re ss io n  l i f t e d .
No obvious change was observed a t  n e u ro lo g ic a l o u t-p a t ie n t  examin­
a t io n s  in  Novanber 1977 and December 1978. CT scan , rq )ea ted  in  Jan u ary
1980 (F ig  8 :1 b ) showed b i l a t e r a l  deep p a r ie ta l  le s io n s , th e  a re a  in  th e  
l e f t  hem isphere being la rg e r  than  th e  r i g h t .  The cause o f th e se  low
d e n s ity  re g io n s  remained u n c e r ta in .
In  September 1982, t h i s  p a t ie n t  k in d ly  agreed to  a tte n d  the  
R a d c lif fe  In firm ary  fo r  a d d itio n a l t e s t in g .  He was examined by Dr. D. 
P e r r e t t  (o f  th e  Psychology la b o ra to ry , d i v e r s i t y  o f S t Andrews, F ife )  
who in v e s t ig a te d  th e  p a t i e n t ’s  re c o g n itio n  o f o b je c ts  and famous faces  
p re sen ted  l a t e r a l i s e d  to  each h a l f  f i e l d .  With o b je c t re c o g n itio n  ( l i n e  
draw ings p re sen ted  on v ideo) perform ance was poor even w ith  1 second 
ex posu res, h is  c o r re c t  re c o g n itio n  sco res  being 17% LVF arri 7% RVF. 
With re c o g n itio n  o f photographs o f  famous faces  he c o r r e c t ly  scored  0% 
LVF and 20% RVF. These r e s u l t s  sug g est th a t  th e  p a t i e n t 's  c a p a c ity  to  
reco g n ise  fa c e s  depended predom inantly  on l e f t  hem isphere fu n c tio n , in  
c o n tr a s t  to  th e  l a t e r a l  is e d  te s t in g  o f o b je c t re c o g n itio n  where h is  
perform ance was more a cc u ra te  w ith  LVF p re s e n ta t io n , ( i . e .  a  r i g h t  
hem isphere s u p e r io r i ty ) .
The o p p o rtu n ity  was taken  to  in c lu d e  t h i s  r a r e  p a t ie n t  in  th e  
p re se n t th e s i s  in  o rd e r to  observe h is  evoked p o te n t ia ls  in  response  to  
s l id e s  o f  fa c e s  and c o n tro l s t im u l i .  I t  was expected th a t  h is  l e f t  upper 
homonymous quadran tanop ia  m ight c o n tr ib u te  to  a d is to r te d  o r  delayed
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Fig 8:1a CT scan September 1975
%
Fig 8:1b CT scan January 1980
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PlOO. Because o f th e  co n p lica ted  n a tu re  o f  R .B . 's  c o n d itio n , i . e .  Dr. 
Newcombe's f in d in g s  o f an impairment in  th e  re c o g n itio n  o f both  fa m il ia r  
and u n fa m ilia r  fe,ces, th e  p a t i e n t ’s  s e l f  re p o r t  o f d i f f i c u l ty  w ith  
p a t te rn s  and th e  b i l a t e r a l  CT scan le s io n s ,  i t  was d i f f i c u l t  to  form a 
co n fid en t p re d ic t io n  reg ard in g  P300, bu t i t  was thought l ik e ly  th a t  th i s  
p o te n t ia l  (compared to  c o n tro l d a ta )  might be reduced o r  s ig n i f ic a n t ly  
delayed over th e  r ig h t  hem isphere ( p a r t ic u la r ly  in  tem poral o r  p a r ie ta l  
reg io n s) when recorded  in  response to  both  known and unknown fa c es  and 
geom etric  d e s ig n s .
B rie f  p rocedure
The p a t i e n t ’s  v is u a l a c u ity  a t  th e  tim e o f te s t in g  was r ig h t  eye 
6 /6  and l e f t ,  6 /9 . He viewed fo u r types o f s t im u li :  p a t te rn  r e v e r s a l ,
geom etric  d e s ig n s , u p rig h t known and unknown fa c e s , during  a s in g le  
s e s s io n . Forty -tw o sweeps were averaged fo r  known faces  and 64 sweeps fo r  
th e  o th e r  th re e  c o n d itio n s .
R ecordings were made from e le c tro d e s  p laced  over th e  r ig h t  and l e f t  
p o s te r io r  tem poral, p a r ie ta l  and o c c ip i ta l  reg io n s  re fe r re d  to  Fz. Two 
e le c tro d e s  were a ls o  ap p lied  above and below th e  l e f t  eye (above th e  eye 
= a m p lif ie r  g r id  1) in  o rd e r to  record  eye movement p o te n t ia l s .  A fte r 
th e  reco rd in g  se s s io n  a l l  th e  known s l id e s  were p resen ted  again  to  the  
p a t ie n t  on a  sm all s l id e  view er and he was req u ested  to  t r y  and name each 
one. I f  he could  n o t, he was asked to  s t a t e  i f  he recogn ised  th e  face  a t  
a l l  (and to  g ive  some c lu e  to  id e n t i f ic a t io n )  o r  o therw ise  to  say i f  he 
had no idea  who i t  was. His sc o re , to g e th e r  w ith  the normal c o n t r o ls ’ 
mean and range v a lu e s , a re  shown in  the  fo llow ing  ta b le :
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Named . Recognised Not recognised
c o r r e c t ly  (bu t not named) a t  a l l  o r  misnamed
P a t ie n t  R.B. 16 18 8
C ontro l Mean 34 5 3
P o o res t c o n tro l 19 12 11
B est c o n tro l 40 0 2
(Known faces  n = 42)
R e su lts
Evoked responses were recorded  a t  a l l  e le c tro d e  s i t e s  fo r  th e  fou r
c o n d itio n s . Table 8 :2  and 8 :3  g iv e  th e  mean la te n c ie s  and am plitudes fo r
PlOO and P300 r e s p e c tiv e ly , a t  each e le c tro d e  and fo r  th e  fo u r types of 
s t im u l i .
The p a t i e n t ’s  PlOO and P300 am plitudes and la te n c ie s  were compared 
w ith  re s p e c tiv e  PlOO and P300 v a lu es  o f th e  m ale, r ig h t  handed c o n tro ls  
computed in  Experim ent 1. (T his normal group c o n s is te d  of 15 men, mean 
age 32 y e a r s ,  range 22 to  61 y e a r s ) .  An ANOVA e f f e c t  was d e fined  as  th e
d if fe re n c e  between th e  means o f the  c o n tro l group and th a t  of the
p a t i e n t ’s  v a lu e s . This type o f com parison was perform ed s e p a ra te ly  on 
each o f th e  fo u r dependent v a r ia b le s ,  namely PlOO am p litu d e , PlOO 
la te n c y , P300 am plitude and P300 la te n c y .
ANOVA: PlOO am plitude
Table 8 :4  and F ig  8 :5  p re se n t th e  ANOVA r e s u l t s  fo r  PlOO am plitude , 
p< 0 .05  again  being regarded as s ig n i f ic a n t  in  re sp e c t to  th e  ta b le  of 
p r o b a b i l i t i e s .  No s ig n i f ic a n t  PlOO am plitude d if fe re n c e  was found 
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PlOO AMPLITUDE TABLE 8 : 4
ANOVA Table of p r o b a b i l i t i e s . Prosopagnosia patient  
Known and unknown fa c e s ,  geometric designs and pattern reversal
Source Degrees F Probabi l i t ie s
of  freedom
Patient e f f e c t  1 0.99 0.3371
Error 14
Condition/Pt e f f e c t  3 0.08 0.9720
Error 42
Lat/Pt e f f e c t  1 0.36 0.5554
Error 14
Cond/Lat/Pt e f f e c t  3 0.08 0.9730
Error 42
Pos it ion/Pt  e f f e c t  2 1.42 0.2590
Error 28
Cond/Pos/Pt e f f e c t  6 0.28 0.9471
Error 84
Lat/Pos/Pt e f f e c t  2 0.58 0.5686
Error 28




















Table 8 :6  and F ig  8 :7  show th e  ANOVA r e s u l t s  fo r  PlOO la te n cy . 
There was a  s ig n i f ic a n t  g en era l PlOO la te n c y  e f f e c t  between th e  p a tie n t  
and th e  c o n tro l group, F (1 ,1 4 ) = 12 .71 , p< 0 .0 1 . The c o n tro l group’s  
o v e ra l l  PlOO la ten cy  (averaged i r r e s p e c t iv e  o f c o n d itio n , hem isphere and 
e le c tro d e  p o s it io n )  was 108.3 ms and fo r  th e  p a t ie n t ,  138.0 ms. The 
p a t i e n t ’s  PlOO la ten cy  was th e re fo re  g e n e ra lly  30 ms slow er than  th e  mean 
normal male v a lu e . As th e re  was no in te r a c t io n  w ith  c o n d itio n , F (3 ,4 2 ) = 
1 .79 , p< 0 .0 5 , t h i s  de lay  appeared e q u a lly  in  response to  a l l  fo u r types 
o f s t im u li .
There was a  d if fe re n c e  between th e  c o n tro l and th e  p a t i e n t ’s  PlOO 
la ten cy  l a t é r a l i s a t i o n  F (1 ,1 4 ) = 8 .5 2 , p< 0 .0 5 . For r ig h t  and l e f t  
hem ispheres th e  p a t i e n t ’s  PlOO la te n c y  v a lu es  were 141.9 ms and 134.1 ms 
re s p e c tiv e ly . In th e  p a t ie n t ,  th e re fo re ,  th e  r ig h t  hem isphere responded 
approxim ately  8 ms slow er than th e  l e f t  s id e .
The p a t i e n t ’s  l a t e r a l i t y  X c o n d itio n  mean la te n c ie s  were a lso  
s ig n i f ic a n t ly  d i f f e r e n t  from th e  c o n tro l means, F (3 ,4 2 ) = 7 .2 7 , p<
0 .001 . As th e re  was no s ig n i f ic a n t  in te r a c t io n  w ith  l a t e r a l i t y  X 
co n d itio n  X p o s i t io n  fo r  e i th e r  th e  c o n tro l group o r  th e  p a t ie n t ,  Ik b le  
8 :8  and F ig  8 :9  show r ig h t  and l e f t  s id ed  PlOO la te n c ie s  under th e  fou r 
c o n d itio n s  ( i r r e s p e c t iv e  o f p o s it io n )  f o r  norm als and th e  p a t ie n t .  The 
c o n tro l group show sym m etrical la te n c ie s  fo r  unknown face  s t im u li  and 
geom etric  desig n s  but a  3 ms d if fe re n c e  ( r ig h t  hem isphere slow er than 
l e f t )  which was equal a t  th e  th re e  e le c tro d e  s i t e s ,  w ith  both  known faces 
and p a t te rn  r e v e r s a l .  The p a t i e n t 's  PlOO la te n c ie s  however a re  slow er on 
th e  r ig h t  s id e  fo r  unknown faces  (3 m s), geom etric  d esig n s  (6 .5  ms) and 
p a t te rn  re v e rs a l  (27 ms) but slow er on th e  l e f t  s id e  by 5 ms fo r  known 
fa c e s . With re fe re n ce  to  Table 8 :2  i t  ap p ears  th a t  fo r  th e  p a t ie n t  th ese
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PlOO LATENCY T a b l e  8 : 6
ANOVA Table o f  probab i l i t ie s  Prosopagnosic patient  
Known and unknown f a c e s ,  geometric designs and pattern reversal
Source Degrees F Probab i l i t ie s
of freedom
Patient e f f e c t  1 12.71 0.0031 *
Error 14
Condition/Pt e f f e c t  3 1.79 0.1634
Error 42
Lat/Pt e f f e c t  1 8.52 0.0112 *
Error 14
Cond/Lat/Pt e f f e c t  3 7.72 0.0005 *
Error 42
Pos it ion/Pt  e f f e c t  2 0.35 0.7055
Error 28
Cond/Pos/Pt e f f e c t  6 2.25 0.0463 *
Error 84
Lat/Pos/Pt e f f e c t  2 1.87 0.1725
Error 28
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l a t e r a l i s e d  la te n cy  d if fe re n c e s  a re  no t equal a t  th e  th re e  e le c tro d e  
p o s i t io n s  excep t w ith  p a t te rn  re v e rsa l  (when the  r ig h t  s id e  i s  
c o n s is te n t ly  slow er than  the  l e f t  by 25 to  30 ms) and geom etric designs 
(w ith  th e  ex c lu s io n  o f  th e  tem poral re g io n ) . With unknown faces  th e  r ig h t  
s id ed  PlOO i s  slow er only  in  th e  r ig h t  p a r ie ta l  a re a  and fo r  known faces  
PlOO from th e  l e f t  hem isphere i s  slow er only  in  th e  tem poral re g io n .
A c o n d itio n  X p o s it io n  in te r a c t io n  proved j u s t  s ig n i f ic a n t  fo r  the  
th e  p a t ie n t  v e rsu s  th e  c o n tro l group com parison, F (6 ,8 4 ) = 2 .2 5 , p<
0 .0 5 . Table 8 :10  shows PlOO la te n c y  v a lu es  a t  each s i t e  (tem p o ra l, 
p a r i e t a l  and o c c ip i t a l ,  i r r e s p e c t iv e  o f hem isphere) under the  four 
c o n d itio n s  fo r  th e  c o n tro l group and the  p a t ie n t .  The c o n tro ls  show 
l i t t l e  to p o g rap h ica l d if fe re n c e  in  la te n cy  during  th e  fou r c o n d itio n s . 
However, th e  p a t i e n t ’s  PlOO la te n cy  d if fe re n c e s  between e le c tro d e s  a re  
q u ite  v a r ia b le  a c ro ss  c o n d itio n s . Comparison between th e  th re e  in t r a ­
su b je c t e le c tro d e  p o s i t io n s  show th a t  PlOO occurs  ( i )  w ith  known faces  7 
ms e a r l i e r  tem p o ra lly , ( i i )  w ith  unknown faces  5 ms e a r l i e r  tem porally  
and o c c ip i ta l l y ,  ( i i i )  w ith  geom etric d esig n s  5 ms e a r l i e r  tem pora lly  and 
( iv j  w ith  p a t te rn  re v e rs a l  12.5 ms e a r l i e r  p a r i e t a l ly  and o c c ip i ta l ly .  
There were no o th e r  s ig n i f ic a n t  in te r a c t io n s .
ANOVA: P300 am plitude
Table 8:11 and F ig  8 :12  show th e  r e s u l t s  fo r  P300 am p litu d e . There were 
no s ig n i f ic a n t  d if f e re n c e s  w hatsoever in  com parisons between th e  means 
o f  th e  p a t ie n t  and th e  c o n tro l group.
ANOVA: P300 la te n cy
T able 8 :13  and Fig 8:14 g iv e  the  ANOVA r e s u l t s  fo r  P300 la te n c y . 
Again, th e re  were no s ig n i f ic a n t  in te r a c t io n s  between the  p a t ie n t  and the  
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P300 AMPLITUDE TABLE 8 :1 1
ANOVA Table of p rob ab i l i t ie s  Prosopagnosic patient
Known and unknown fa ces ,  geometric designs and pattern reversal
Source Degrees 
of  freedom
Probabi l i t ies
Patient e f f e c t  
Error 1 1
0.79 0.3944





Lat/Pt e f f e c t  
Error 1 1
0 . 22 0.6502









0 . 0 2 0.9755




















































P300 LATENCY TABLE 8 : 1 3
ANOVA Table o f  prob ab i l i t i e s  Prosopagnosic pat ient
Known and unknown f a c e s ,  geometric designs and pattern reversal
Source Degrees 
of  freedom
Probab i l i t ie s
Patient e f f e c t  
Error 1 1
0 . 0 0 0.9584





Lat/Pt e f f e c t  
Error 1 1
0.64 0.4418














































P300 w ith  known fa c e s  (345 .0  ms) th an  w ith  th e  o th e r  th re e  c o n d itio n s , 
t h i s  d id  not prove s ig n i f ic a n t  and in sp e c tio n  o f th e  co n tro l raw scores 
w ith  t h i s  type  o f  s t im u li  in  f a c t  shows two normal su b je c ts  w ith  P300 
la te n c ie s  a ls o  in  th e  range o f 340 to  350 ms.
D iscussion  o f r e s u l t s .
S t a t i s t i c a l  conparisons between th e  p a t ie n t  and the  male co n tro l 
group show th a t  th e re  were no s ig n i f ic a n t  d if f e re n c e s  a t  a l l  fo r  PlOO 
am plitude , P300 am plitude o r  P300 la te n c y . T h e re fo re , fo r  th ese  th re e  
v a r ia b le s ,  th e  prosopagnosic p a t ie n t  f e l l  w ith in  normal l im i t s  fo r  male 
s u b je c ts .
In c o n t r a s t ,  th e  com parison fo r  PlOO la ten cy  shows sev e ra l 
s ig n i f ic a n t  d if f e r e n c e s .  The la ten cy  o f t h i s  component in  th e  p a t ie n t  was 
g e n e ra lly  30 ms slow er compared to  th e  mean o f th e  c o n tro l group and as 
th e re  was no s ig n i f ic a n t  in te r a c t io n  w ith  th e  type o f c o n d itio n  th i s  
d e lay  appeared e q u a lly  during  a l l  fo u r ty p es  o f s t im u l i .  This i n i t i a l  
f in d in g , o f a  PlOO la te n cy  delay  from both  hem ispheres during  a l l  
c o n d itio n s , s tro n g ly  su g g es ts  a  b i l a t e r a l  c o r t i c a l  d is tu rb a n ce  in  the 
p ro cess in g  o f a  v is u a l  s tim u lu s  a t  i t s  e a r ly ,  sensory  le v e l .  Although th e  
ex ac t o r ig in s  o f PlOO remain ob scu re , re fe re n ce  to  the  known fu n c tio n a l 
lo c a l i s a t io n  o f l in e  and face  p e rcep tio n  in  man (F ried  e t  a l ,  1982) 
su g g es ts  th a t  PlOO, in  t h i s  p a t ie n t ,  i s  delayed along the  pathways to  th e  
prim ary v is u a l  c o rte x  and the  reg io n  o f th e  p a r ie to - o c c ip i ta l  ju n c tio n .
This g en era l la te n cy  e f f e c t  in te ra c te d  w ith  l a t é r a l i s a t i o n .  
A lthough in  th e  normal male group th e re  was a 1 .5  ms hem isphere 
d if fe re n c e  in  la te n c y , ( th e  r ig h t  s id e  responding more slow ly th an  the  
l e f t )  the  p a t ie n t  showed th i s  more m arkedly, h is  r ig h t  hem isphere
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responding  8 ms l a t e r  than  th e  l e f t .  Compared to  th e  normal m ales he 
th e re fo re  showed an o v e ra l l  6 .5  ms la te n c y  de lay  from th e  r ig h t  hemi­
sp h e re . Although th e  p a t i e n t 's  v is u a l a c u ity  was in  th e  normal range 
(R :6 /6 , L :6 /9 )  t h i s  f in d in g  o f a  delayed  r ig h t  hem isphere PlOO resp o n se ,
by i t s e l f ,  cou ld  perhaps have been exp lained  in  term s o f h is  l e f t  upper 
hcxnonyraous quadirantanppia, assuming th a t  he d id  f ix a te  c e n t r a l ly  during  
a l l  c o n d itio n s . However, i f  th e  d e lay  was due e n t i r e ly  to  such a  d e f i c i t ,  
th e  la te n c y  d if fe re n c e  between th e  hem ispheres should  have occurred  con­
s i s t e n t l y  w ith  a l l  fo u r c o n d itio n s , y e t t h i s  was not th e  c a se . The 
p a t ie n t  showed a  h ig h ly  s ig n i f ic a n t  in te r a c t io n  betweeen the  l a t é r a l ­
i s a t io n  e f f e c t  and th e  type o f c o n d itio n  w ith  a  general r ig h t  sided  d e lay  
o c cu rrin g  in  response  to  geom etric d esig n s  and very  m arkedly w ith  p a t te rn  
r e v e r s a l .  Because th e  p a t ie n t  v e rsu s  th e  c o n tro l l a t é r a l i s a t i o n  X 
c o n d itio n  X p o s i t io n  in te r a c t io n  proved n o n -s ig n if ic a n t  th e re  was no 
evidence to  in d ic a te  th a t  th e  d isc re p a n c ie s  found w ith  known and unknown 
face  s t im u li  were m eaningfu l. The p a t i e n t 's  l a t é r a l i s a t i o n  X c o n d itio n  
e f f e c t  th e re fo re  seems to  be caused by a  f a i r l y  g e n e ra lise d  r ig h t  sided  
d e lay  d u ring  geom etric  d esig n s  and p a t te r n  r e v e r s a l .
T his f in d in g , o f a  p a r t i c u la r ly  prolonged r ig h t  s id ed  la te n cy  w ith  
geom etric d e sig n s  and p a t te r n  r e v e r s a l ,  i s  c o n s is te n t  w ith  ev idence from 
o th e r  s tu d ie s  t h a t  th e  r ig h t  p o s te r io r  re g io n  i s  more involved th an  the  
l e f t  in  p a t te r n  and shape re c o g n itio n  (De Renzi and S p in n le r , 1966; 
W arrington and R abin, 1970) and might o f f e r  an ex p lan a tio n  fo r  th e  
p a t i e n t 's  own re p o rte d  d i f f i c u l t i e s  in  matching tex tu red  p a t te r n s . The 
f a c t  th a t  th i s  d e lay  showed no in te rh em isp h e ric  d if fe re n c e s  w ith  known o r  
unknown fa c e s  (b u t was p re sen t w ith  geom etric  d esig n s  and p a t te rn  re v e rs ­
a l )  i s  q u i te  unexpected and th e  v a r i a b i l i t y  between co n d itio n s  ru le s  ou t 
th e  l e f t  upper quadran tanop ia  as  the  so le  c o n tr ib u tin g  f e c to r .  This
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d is s o c ia t io n  o f  PlOO la te n cy  between th e  c o n d itio n s  ( in  an e n t i r e ly  
d i f f e r e n t  manner to  th a t  observed in  normal c o n tro ls )  does in f e r  th a t  
some type  o f s tim u lu s  s p e c if ic  o rg a n is a tio n  occurs even a t  an e a r ly  
sensory  le v e l .  F ried  e t  a l  (1982), u s in g  th e  techn ique o f e l e c t r i c a l  
s t im u la tio n  mapping to  determ ine in trah e m isp h e ric  v is io s p a t ia l  fu n c tio n s  
in  awake humans, have found th a t  p e rc ep tio n  fo r  such m a te ria l i s  a l te r e d  
in  th e  reg io n  o f th e  p a r ie to - o c c ip i ta l  ju n c t io n ,  p rov id ing  evidence fo r  
d is c r e te  fu n c tio n a l lo c a l is a t io n  w ith in  th e  r ig h t  hem isphere. However, 
they  a ls o  re p o r t  th a t  a t  th e  s i t e s  o f s t im u la tio n  which a l te re d  pei^  
c e p tio n , u p r ig h t u n fa m ilia r  fa c es  and l in e  o r ie n ta t io n  were e q u a lly  
v u ln e ra b le . In o th e r  words, th e re  was no d is s o c ia t io n  in  the  c e re b ra l 
lo c a l i s a t io n  o f p e rcep tio n  fo r  u p r ig h t fa c es  and l in e  o r ie n ta t io n .  Such 
evidence o f a  common fu n c tio n a l reg io n  c e r ta in ly  su g g ests  th a t  PlOO 
should  indeed have been s im ila r ly  a f fe c te d  w ith  faces  ard geom etric 
shapes in  t h i s  p a t ie n t .  ( I t  must be p o in ted  ou t th a t  F ried  e t  a l  recorded 
e x c lu s iv e ly  frcxn the  r ig h t ,  non-dominant c o rtex  because obvious 
l im ita t io n s  o f th e  techn ique  preven ted  s im u ltaneous, b i l a t e r a l  in v e s t­
ig a t io n .  The c o n tr ib u tio n  o f th e  l e f t  hem isphere to  face  p e rc ep tio n  was 
th e re fo re  not o b serv ed ).
W hilst th e  c o n tro l group showed no d if fe re n c e s  in  PlOO la te n cy  
a c ro ss  e le c tro d e  p o s itio n  accord ing  to  th e  type o f s t im u li  except 
p o ss ib ly  w ith  p a t te rn  re v e rsa l (when th e  response  appeared e a r l i e r  in  
p a r ie ta l  and o c c ip i ta l  re g io n s ) , th e  p a t ie n t  showed j u s t  s ig n i f ic a n t  
to p o g rap h ica l d if f e re n c e s  compared to  th e  normal group. His e a r l i e r  
response  in  p a r ie ta l  and o c c ip i ta l  reg io n s  (compared to  the  tem poral 
a re a )  w ith  p a t te rn  re v e rsa l  exag g era tes  th e  tren d  found in  the  c o n tro l 
group. With known fa c e s , unknown faces  and geom etric d esigns h is
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resp o n ses  tended to  occur e a r l i e r  in  tem poral a re a s  in d ic a tin g  a  de lay  (5 
to  7 ms) in  p a r i e t a l  and o c c ip i ta l  re g io n s . Because th i s  e f f e c t  of 
e le c tro d e  p o s i t io n  d id  not in t e r a c t  w ith  l a t é r a l i s a t i o n  and type of 
c o n d itio n  t h i s  r e s u l t  su g g es ts  b i l a t e r a l  c e re b ra l d is tu rb an ce  maximal 
p a r i e to - o c c ip i t a l l y .
I t  i s  o f i n t e r e s t  th a t  w hile  PlOO was prolonged th e re  was no 
s ig n i f ic a n t  correspond ing  de lay  in  P300. Although R .B .’s  P300 la ten cy  
v a lu es  i n i t i a l l y  seemed la te  p rev ious r e s u l t s  from normal v o lu n tee rs  
(Experim ents 1 and 2) c le a r ly  in d ic a te  th a t  th e  la te n cy  o f t h i s  component 
occu rs  w ith  a  wide in te r s u b je c t  v a r i a b i l i t y  and in sp e c tio n  o f P300 v a lu es  
frcxn th e  normal men used in  th e  ANOVA com parisons re v e a ls  two c o n tro ls  
w ith  th e  same range as  th e  p a t ie n t .  I t  appears th a t  a  wide P300 la te n cy  
v a r i a b i l i t y  can obscure  a 30 ms PlOO d e lay . This le ad s  to  an o th er note­
worthy p o in t .  Experiment 1, w ith  normal c o n tro ls ,  u s ir^  e x a c tly  th e  same 
ty p es  o f s t im u l i ,  in d ic a te d  th a t  a  c o n s is te n t  in te rv a l  occurs between 
PlOO and P300. R .B . 's  PlOO la te n c y , but not P300’s ,  was s ig n i f ic a n t ly  
d i f f e r e n t  from th e  c o n tro ls ,  su g g estin g  th a t  in  t h i s  p a t ie n t  th e  tim ing 
between th e se  two components v a r ie s  from th e  normal mean (though the  
p ic tu re  i s  com plicated  by h is  co n sid erab le ' v a r i a b i l i t y  caused by th e  type 
o f  co n d itio n  and e le c tro d e  p o s i t io n ) .  T his fin d in g  s tre n g th en s  the  
r e s u l t s  o f Experim ent 4 in  which P300 was found to  be independent o f PlOO 
w ith  v e rb a l m a te r ia l .
One o th e r  ex p lan a tio n  fo r  t h i s ,  which can on ly  t e n ta t iv e ly  be put 
forward due to  th e  unknown o r ig in s  o f l a t e  evoked p o te n tia l  components, 
i s  th a t  th e  v is u a l  a s s o c ia tio n  a re as  ( th e  presumed g en era tin g  s i t e s  fo r  
P300) re c e iv e  a d i r e c t  connection  from the  o p tic  pathway p r io r  to  the  
prim ary v is u a l  c o r te x . P300 would then  occur a t  the  c o r re c t  la te n cy  
d e s p ite  a  prolonged PlOO. The b io lo g ic a l  s ig n if ic a n c e  fo r  such c i r c u i t r y
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rem ains u n c lea r bu t p o ss ib le  ev idence fo r  such a  pathway has been
d esc rib ed  by Spehlmann e t  a l  (1977). P re se n t b u t s im p lif ie d  V .E .P .s  were 
recorded  in  a  c o r t ic a l  ly  b lin d  p a t ie n t  subsequen tly  shown to  have ex ten ­
s iv e ,  b i l a t e r a l  in f a r c t io n  o f o c c ip i t a l  w h ite  m a tte r  and c o rte x , sugg­
e s t in g  an e x tra g e n ic u lo c a lc a r in e  pathway to  secondary v is u a l c o rte x .
The re lev an ce  o f th e se  f in d in g s  must be c r i t i c a l l y  examined.
Although c e re b ra l lo c a l is a t io n  and correspond ing  fu n c tio n  have been w ell 
documented, re s p e c tiv e  c o r r e la t io n  w ith  th e  evoked p o te n tia l  waveform has 
no t been f irm ly  e s ta b lis h e d  because o f  th e  l im ita t io n s  a sso c ia te d  w ith  
human in t r a c r a n ia l  in v e s t ig a t io n .  While the  p re se n t experim ent was under­
taken  in  o rd e r to  examine th e  r e la t io n s h ip  between waveform and fu n c tio n  
i t  must be emphasised th a t  th e  r e s u l t s  p e r ta in  to  one p a tie n t  on ly , an 
unavoidable s i tu a t io n  due to  th e  r a r i t y  o f p rosopagnosia . Only when o th e r  
p a t ie n ts  w ith  th i s  d iso rd e r  have been examined e le c tro p h y s io lo g ic a l l y , 
and such r e s u l t s  compared w ith  th o se  found in  p a t ie n ts  w ith  more gen­
e r a l is e d  v is u a l memory d is tu rb a n c e , w il l  i t  be p o ss ib le  to  e s ta b l is h  th e  
typ>e o f E .P . v a r ia t io n  th a t  i s  s p e c i f ic  to  f a c ia l  manory.
In summary, th e  evoked p o te n t ia l  in v e s t ig a t io n  o f t h i s  53 y e a r o ld  
p a t ie n t  showed no d if fe re n c e s  in  PlOO am p litu d e , P300 am plitude o r  P300 
la te n cy  when compared to  th e  normal male group. The e x p ec ta tio n  of a 
v a r ia t io n  in  P300 am plitude to  face  s t im u li  was not confirm ed; th e re  
were no s ig n i f ic a n t  E .P . d if f e re n c e s  between the  p a t ie n t  and c o n tro ls
s p e c i f ic a l ly  r e la te d  to  th e  face  c o n d itio n s . T his r e s u l t  may r e f l e c t  th e  
f a c t  t h a t ,  as noted in  th e  1977 n eu ro p sy ch o lc^ ica l r e p o r t ,  the p a t ie n t  
d id  not have pure o r even sev e re  p rosopagnosia . There was however a 
s ig n i f ic a n t  de lay  in  the  la ten cy  o f PlOO from both hem ispheres,
in d ic a t iv e  o f a  b i l a t e r a l  c o r t i c a l  d is tu rb a n c e , in  keeping w ith  the
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r e s u l t s  o f th e  CT sca n . This prolonged la te n cy  was asym m etrical, showing 
a  r ig h t  s id ed  emphasis w ith  geom etric d esig n s  and p a tte rn  r e v e r s a l ,  a  
f in d in g  c o n s is te n t  w ith  o th e r  s tu d ie s  vb ich  have provided evidence 
su p p o rtiv e  o f  th e  r ig h t  hem isp h ere 's  ro le  in  p a t te rn  and shape 
re c o g n itio n . This f in d in g , o f a  d is s o c ia t io n  in  th e  in te r h e m is ^ e r ic  
d e lay , does r a i s e  th e  p o s s ib i l i ty  o f s tim u lu s  s p e c if ic  o rg a n is a tio n  a t  an 




The evoked responses in  p a t ie n ts  w ith  m is s i le  in ju r ie s  of th e  b ra in
The stu d y  o f  th e  s i r ^ l e  c a se , d esc rib ed  in  th e  p rev ious c h a p te r , 
proved in fo rm a tiv e  and add to  th e  growing body o f evidence on s e le c t iv e ,  
e a r ly  v is u a l  p ro cess in g  (L iv in g sto n e  and H abel, 1983). However, in v e s t­
ig a t io n  o f  a  la rg e r  number o f s u b je c ts  w ith  b ra in  d y sfu n c tio n  i s  
o b v iously  d e s ir a b le  a lthough  n eu ro lo g ica l p a t ie n ts  can p re sen t m ajor 
d i f f i c u l t i e s  in  le s io n  lo c a l is a t io n  because o f i n f i l t r a t i o n  and pro­
g re s s io n  o f  d is e a s e . An id e a l group would c o n s is t  o f p a t ie n ts  w ith  fo ca l 
traum a and th e  o p p o rtu n ity  subsequen tly  a ro se  to  s tudy  a  sample o f men 
who had in c u rre d  m is s i le  in ju ry  to  th e  b ra in  during  World War I I .  Tb 
ex p lo re  th e  long term  e f f e c t s  o f th e se  b ra in  in ju r ie s  a  la rg e  nuirber o f 
ex -serv icem en , under th e  su p e rv is io n  o f P ro fe sso r  W.B. Nfetthews and 
Dr F. Newccmbe, were in v ite d  to  a tte n d  the  ARC N europ^cho log y Iftiit, 
U n iv e rs ity  Department o f  C lin ic a l  Neurology, Oxford fo r  in te n s iv e  neuro­
lo g ic a l  and p sy ch o lo g ica l review . Many o f th e se  p a t ie n ts  had been 
s im i la r ly  examined on sev e ra l occasions s in ce  1945. They came from a l l  
over G rea t B r i ta in  and th e i r  co cp e ra tio n  was e n t i r e ly  v o lu n ta ry . Ehch 
man p a r t ic ip a te d  in  a  f iv e  day period  o f a ssessm en t, in vo lv ing  neuro­
lo g ic a l  exam ination , CT scan , v isu a l f i e l d  mapping and a  b a t te r y  o f 
neu ropsycho log ica l t e s t s .  I f  tim e allow ed they  were a lso  req u ested  to  
p a r t i c ip a te  in  the  p re se n t s tudy ; th e re  were no re fu s a ls  from th o se  who 
were a sk ed .
This p o p u la tio n  o f p a t ie n ts  may be considered  a p p ro p r ia te  f o r  the  
in v e s t ig a t io n  o f s e le c t iv e  d e f i c i t s  fo r  a  number o f rea so n s . The le s io n s
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caused by h igh  v e lo c i ty  m is s i le s  a re  fo c a l and occur in  h ea lth y , a d u lt 
b ra in s  u su a lly  w ith  rem arkably s p e c i f ic  n e u ro lo g ic a l and psycho log ica l 
seq u e lae  (R u sse ll and E sp ir  1961; R u sse ll and Young, 1969). Furtherm ore, 
th e re  i s  no convincing  evidence th a t  m is s i le  in ju ry  r e s u l t s  in  gen­
e r a l i s e d  in t e l l e c t u a l  d e te r io ra t io n  ( J a rv ie  1960; Newccmbe 1974) and the  
in te r p r e ta t io n  o f d e f i c i t s  i s  not obscured by th e  p ro g ress iv e  changes 
a s s o c ia te d  w ith  tumour o r  c e reb ro v ascu la r d is e a s e .
The aim o f  th e  experim ent, th e re fo re ,  was to  e s ta b l is h  how 
lo c a l is e d  c o r t i c a l  le s io n s  m ight a f f e c t  th e  PlOO and P300 components of 
th e  evoked p o te n t ia l  under d i f f e r e n t  s tim u lu s  c o n d itio n s  ( f a c e s , woids 
and c o n tro l s t im u li)  and to  study th e  a s s o c ia t io n  between any a l te r a t io n  
in  waveform and th e  s id e  and s i t e  o f th e  le s io n .
B rie f  Procedure
Tw enty-four p a t ie n t s ,  a l l  m ales, were s tu d ie d . T heir ages ranged 
from 58 to  71 y e a rs , mean age 64 y e a r s .  Tw enty-three p a t ie n ts  were r ig h t  
handed and one, l e f t ;  th e  r ig h t  eye was dominant in  21, the  l e f t  in  3 . 
V isual a c u ity  was 6/12 o r  b e t te r  w ith  each eye in  a l l  p a t ie n ts  excep t in  
fo u r  whose sco res  were as  fo llo w s: AH 6/24  in  each eye, CT 6 /24  in  the
r ig h t  eye, AM 6/60  in  th e  l e f t  eye and RT 6 /60  in  th e  r ig h t  eye. V isual 
f i e l d s  o f each p a tie n t  a re  shown F ig  9 :1 .
The p a t ie n ts  were c l a s s i f i e d  acco rd ing  to  ( i )  th e  in ju red  hemi­
sp h ere  and ( i i )  th e  locus o f le s io n  o f \diich th e re  were f iv e  c a te g o r ie s  
a s  fo llow s: tem poral, p a r i e t a l ,  o c c ip i t a l ,  p a r ie to - o c c ip i ta l  and p a r ie to ­
tem poral. The ex ac t s i t e  o f each p a t i e n t ’s  m is s i le  wound had been ch arted  
on a b ra in  map by a n e u ro lo g is t o r  neurosurgeon a t  the  Head I n ju r ie s  
C en tre  s h o r t ly  a f t e r  in ju ry . This method o f c h a r tin g  was used and found 
reasonab ly  a cc u ra te  when compared to  postmortem d a ta  by R u sse ll and E sp ir
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Fig 9:1 Visual fields of men with right or left hemisphere 
wounds according to the site of the missile injury.
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(1961). F ig s  9 :2  and 9 :3  in d ic a te  th e se  wound a re a s  to  th e  r ig h t  and 
l e f t  hem ispheres re s p e c tiv e ly . (D e ta i ls  o f  each p a t i e n t 's  subsequent 
n e u ro su ig ica l trea tm en t and n eu ro lo g ica l co n d itio n  a re  given in  the  
Appendix).
During a  s in g le  se s s io n  each p a t ie n t  viewed s ix  types o f s t im u li  : 
words, g e a n e tr ic  d e s ig n s , u p r ig h t and in v e rte d  known fa c e s , u p rig h t 
unknown faces  and p a t te rn  r e v e r s a l .  The p re s e n ta tio n  sequence of the  
c o n d itio n s  was randcxnised w ith  th e  ex cep tio n  th a t  p a t te rn  re v e rsa l always 
concluded the  se ss io n  and in v e rte d  known fa c e s  always preceded u p rig h t 
known faces  w ith  a t  l e a s t  one o th e r  type o f s tim u lu s  t r i a l  being 
p resen ted  between the  two ( i . e .  u p r ig h t known faces were never shown 
im m ediately fo llow ing  in v e rte d  known f a c e s ) .  The reco rd ing  procedure and 
th e  p a t i e n t s ' view ing in s t r u c t io n s  were id e n t ic a l  to  those  employed in  
th e  c o n tro l s tu d ie s  d esc rib ed  e a r l i e r .  The r ig h t  and l e f t  h ^ i s p h e r e  
in ju re d  p a t ie n t s ' sco re s  f o r  re c o g n itio n  o f in v e rte d  and u p r ig h t known 
face  s l id e s  a re  given below:
In v e rted  U pright
Known Rec only  N il Misnamed 'Known Rec only  N il Misnamed
R ight 5 2 31 4 20 6 14 2
L e f t 7 2 29 4 22 7 12 1
The known sco res  from t h i s  group o f p a t ie n t s ,  w ith  both  u p r ig h t and in ­
v e rte d  fa c e s , a re  co n s id e rab ly  lower than  those  o f th e  noimal c o n tro ls  
(se e  C hapter 6 ) .  Because th e  m a jo rity  o f normal s u b je c ts  were younger 
than  th e se  m is s i le  in ju re d  men a  sm all group of o ld e r  m ales, aged 
between 62 and 65 y ea rs  w ith  a  mean o f 64 y e a rs , were te s te d  fo r  
































mean sco res  a re  shown below and i t  becones obvious th a t  th e  p a t i e n t s ’ 
sco res  a re  in  f a c t  comparable w ith  th o se  o f noimal men o f a  s im ila r  age.
In v e rte d  U pright
Known Rec only N il Misnamed Known Rec only  N il Misnamed 
6 2 30 4 22 5 14 1
R esu lts
The d a ta  conform to  a  f a c to r i a l  a n a ly s is  o f v a rian ce  (ANOVA) design  
w ith  two between and th re e  w ith in  su b je c t f a c to r s  as  fo llow s:
1 . in ju re d  hem isphere (ab b rev ia ted  to  hem isphere) between f a c to r
2 . a re a  o f wound (a re a )  "
3 . type  o f s tim u lu s  (s tim u lu s  o r  c o n d itio n )  w ith in  f a c to r
4 . s id e  o f reco rd ing  ( l a t e r a l i t y )  ”
5 . s i t e  o f reco rd in g  e le c tro d e s  (p o s i t io n )  ”
ANOVAs were perform ed s e p a ra te ly  on each o f th e  fo u r dependent v a r ia b le s ,  
namely PlOO am plitude , PlOO la te n c y , P300 am plitude and P300 la te n c y .
ANOVA: PlOO am plitude
Table 9 :4  shows th e  ANOVA p r o b a b i l i t i e s  fo r  PlOO am p litu d e , p<0.05 
again  being  regarded as s ig n i f i c a n t .  Thete i s  a  s ig n i f ic a n t  g en era l 
e f f e c t  o f e le c tro d e  p o s i t io n , F (2 ,2 6 )= 1 0 .0 4 , p<0.001 which in t e r a c t s  
w ith  th e  type of c o n d itio n , F (10 ,130)= 7 .70 , p<0.0001. There were no
f u r th e r  in te r a c t io n s  so the  v a lu es  have been co llap sed  a c ro ss  in ju red  
hem isphere, a re a  of wound and l a t e r a l i t y  ( s id e  o f re c o rd in g ) . Table 9 :5
and F ig  9 :6  show the  g en era l p o s it io n  e f f e c t  to  be due to  PlOO being  of 
h ig h e s t am plitude in  o c c ip i ta l  reg io n s  compared to  tem poral and p a r ie ta l  
a re a s . The p o s it io n /c o n d itio n  e f f e c t  i s  caused by t h i s  am plitude maximum 
being  much more marked w ith  p a t te rn  r e v e r s a l ,  in  th e  reg io n  o f 2 uV.
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PlOO AMPLITUDE T a b le  9 :4
ANOVA Table o f  p r o b a b i l i t i e s  f o r  Experiment 6.
Source Degrees  
o f  freedom
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Table 9 :7  g iv e s  th e  ANOVA p r o b a b i l i t i e s  fo r  PlOO la te n cy  and Table 
9 :8  shows th e  mean PlOO la te n cy  v a lu es  fo r  th e  type o f c o n d itio n , s id e  o f 
th e  e le c tro d e s  and th e  p a t i e n t 's  in ju re d  hem isphere. There i s  a  s ig ­
n i f ic a n t  g en era l co n d itio n  e f f e c t  (F 5 ,65)=  4 .7 7 , p<0.001. As th e re  a re
no in te ra c t io n s  w ith  c o n d itio n  th e  mean PlOO la te n c ie s  fo r  each type of 
s tim u lu s  have been c a lc u la te d  d is re g a rd in g  a l l  o th e r  v a r ia b le s  and a re  as  
fo llow s:
U pright known fa c es  107.2 ms
U prigh t unknown faces  105.5 ms
Words 94.3  ms
In v e rte d  known fa c es  106.9 ms
Geom etric d esigns 89 .9  ms
P a t te rn  re v e rsa l"  97 .0  ms
The e f f e c t  i s  th e re fo re  due to  PlOO o ccu rrin g  e a r l i e r  w ith  words, geo­
m e tric  desig n s  and p a t te rn  re v e rs a l  compared to  the  th re e  types o f fe.ce 
s l id e s ,  in  the  reg ion  o f 9 to  16 ms.
There i s  a  g en era l l a t e r a l i t y  ( s id e  o f reco rd in g ) e f f e c t ,  F (1 ,13)=
8 .6 7 , p<0.05. The mean la ten cy  o f th e  r ig h t  and l e f t  s id ed  e le c tro d e s  i s
98 .5  ms and 103.9 ms re s p e c tiv e ly , so th e  e f f e c t  i s  due to  the  l e f t
hem isphere responding s l ig h t ly  l a t e r  (by 6 m s )  than  th e  r ig h t  s id e .  This 
l a t e r a l i t y  e f f e c t  in te ra c te d  w ith  hem isphere ( s id e  o f in ju r y ) ,  F (1 , 13) 
= 7 .22 , p<0.05. The ta b le  below g ives the  mean PlOO la te n c ie s  from each 
hem isphere, fo r  both  r ig h t  and l e f t  in ju re d  p a t ie n t s ,  d is re g a rd in g  o th e r  
v a r ia b le s .
L e ft hem isphere in ju re d  R igh t hem isphere in ju red
L e ft e le c tro d e s  R ight e le c tro d e s  L e ft e le c tro d e s  R igh t e le c tro d e s  
103.7 ms 104.1 ms 93 .9  ms 103.1 ms
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PlOO LATENCY T a b le  9 :7
ANOVA Table o f  p r o b a b i l i t i e s  f o r  Experiment 6
Source Degrees F P r o b a b i l i t y
o f  freedom
Hemisphere 1 0 .9 2 0.3559
Area 4 2.41 0.1021
Hem/Area 4 0 .42 0 .7936
Error 13
Condit ion 5 4 .7 7 0.0009  *
Cond/hem 5 1.02 0.4125
Cond/area 20 0 .92 0.5596
Cond/hem/area 20 0 .98 0.4971
Error 65
L a t e r a l i t y 1 8 .6 7 0 .0114  *
Lat/hem 1 7 .22 0.0186  *
Lat /area 4 3 .52 0 .0373  *
Lat/hem/area 4 2 .75 0 .0739
Error 13
Condi t i  o n / l a t e r a l i  t y 5 0 .69 0 .6303
Cond/lat /hem 5 2 .5 4 0 .0370  *
C ond/1at /area 20 2 .3 3 0 .0055  *
Cond/1at /hem/area 20 3 .65 0 .0000  *
Error 65
P o s i t i o n 2 14.51 0.0001 *
Pos/hem 2 2.71 0 .0853
Pos /area 8 1.58 0 .1788
Pos/hem/area 8 1.30 0 .2874
Error 26
Condi t i  o n / p o s i t i o n 10 0 .77 0 .6547
Cond/pos/hem 10 1.49 0 .1484
Cond/pos /area 40 1.30 0 .1370  .
Cond/pos/hem/area 40 1.35 0:1083
Error 130
L a t e r a l i t y / p o s i t i o n 2 2 .49 0 .1024
Lat /pos /hem 2 2 .26 0.1246
L a t / p o s /a r e a 8 2 .10 0 .0732
Lat /pos /h em /a rea 8 1.44 0 .2262
Error 26
C o n d i t i o n / l a t e r a l i t y / p o s 10 1.08 0 .3830
Con d/ la t /pos /hem 10 1.01 0 .4 383
C o n d / l a t / p o s / a r e a 40 1.05 0.4121
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The la te ra l i ty /h e m is p h e re  in te r a c t io n  i s  due to  PlOO o ccu rring  e a r l i e r  
from the  l e f t  s ided  e le c tro d e s , compared to  th e  r ig h t  sided  ones, in
p a t ie n ts  w ith  r ig h t  s id ed  le s io n s .
There i s  a ls o  a  l a t e r a l i t y / a r e a  in te r a c t io n ,  F (4 ,13)= 3 .52 , p<0.05. 
The ta b le  below shows th e  mean PlOO la te n c y  accord ing  to  the  s id e  of
reco rd in g  and a re a  o f in ju ry , w ithou t in c lu s io n  o f any o th e r  v a r ia b le s .
Area o f in ju ry
Temporal P a r ie ta l  O c c ip ita l  P a r - o c c ip i ta l  Par-tem poral 
R e le c tro d e s  105.4 93 .3  101.0 121.1 97.2
L e le c tro d e s  104.1 91 .3  104.1 107.4 87.1
The s ig n i f ic a n t  e f f e c t  seems to  be due to  PlOO o ccu rrin g  l a t e r  from the 
r ig h t  s id ed  e le c tro d e s  s p e c i f ic a l ly  in  p a t ie n ts  w ith  p a r ie to - o c c ip i ta l  
in ju r i e s  (and to  a  l e s s e r  e x te n t in  p a t ie n ts  w ith  p a rie to -tem p o ra l 
wounds). As th e re  was no l a t e r a l  i t y  /h em isp h e re /a rea  in te r a c t io n ,  t h i s  i s  
t r u e  fo r  p a t ie n ts  w hichever hem isphere was in ju re d .
There i s  a ls o  a  s ig n i f ic a n t  c o n d i t io n /la te ra l i ty /h e m is p h e re  e f f e c t ,  
F (5 ,65)=  2 .54 , p<0.05. The ta b le  below g iv es  th e  mean PlOO la te n c ie s  fo r
th e  two groups ( r ig h t  and l e f t  hem isphere in ju re d )  showing th e  r ig h t  and
l e f t  s id ed  e le c tro d e s  under each type o f c o n d itio n .
L e f t  sided  in ju re d  p a t ie n ts  R ight sided  in ju re d  p a t ie n ts
E lec tro d es  : L e ft R ight L e ft R igh t
UKF 114.2 116.2 98 .6 113.6
UUF 111.3 113.4 95 .9 104.6
WDS 95.8 90.3 90.4 103.7
IKF 113.7 115.8 97.5 104.1
GD 93.6 90.9 84.3 93 .6
PR 93.7 98.3 96 .8 98.8
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The v a lu e s  have been p lo t te d  in  F ig  9 :9  and th i s  in te r a c t io n  appears to  
be due to  th e  d if fe re n c e  between r ig h t  and l e f t  s ided  e le c tro d e s  in  r ig h t  
hem isphere le s io n ed  men during  th e  u p r ig h t known face  c o n d itio n . With
t h i s  type  o f s tim u lu s  th e  r ig h t  s id e  responds 15 ms l a t e r  than the  l e f t .  
The u p r ig h t unknown face  co n d itio n  shows a  s im ila r  e f f e c t ,  in  th e  same 
d i r e c t io n ,  b u t to  a  le s s e r  degree.
There was a  s ig n i f ic a n t  c o n d i t io n / l a t e r a l i ty / a r e a  in te r a c t io n ,  F 
(5 , 65)= 2 .3 3 , p<0.01. Table 9:10 g iv es  the  mean PlOO la te n c ie s  fo r
r ig h t  and l e f t  s id ed  e le c tro d e s  during  each co n d itio n  w ith  the  p a t ie n ts  
c l a s s i f i e d  accord ing  to  the  in ju re d  a re a . From th i s  ta b le  the  mean
d if fe re n c e s  between the  r ig h t  and l e f t  s ided  e le c tro d e s  have been
c a lc u la te d  and a re  shown in  Table 9 :1 1 . The v a lu es  in d ic a te  th a t  the  
c o n d i t io n / l a t e r a l i ty /a r e a  in te ra c t io n  i s  caused by p a t ie n ts  w ith  p a r ie to ­
o c c ip i ta l  in ju r i e s  having l a t e r  PlOO responses in  the  r ig h t  hem isphere 
du ring  words and geom etric  d e s ig n s , and p a t ie n ts  w ith  p a rie to -te m p o ra l 
in ju r i e s  a ls o  having a r ig h t  hem isphere PlOO d elay  during  u p r ig h t known 
fa c es  and u p r ig h t unknown fa c e s . This r e s u l t  a ls o  in te ra c te d  w ith  hemi­
sphere  fo r  th e re  was a ls o  a  c o n d it io n / la te ra l i ty /h e m is p h e re /a re a  e f f e c t ,  
F (5 ,20)=  3 .6 5 , p< 0 .0001. Table 9 :12  shows the  mean d if fe re n c e  between 
r ig h t  and l e f t  s id ed  e le c tro d e s , under each c o n d itio n , fo r  p a t ie n ts  
acco rd ing  to  t h e i r  in ju re d  hem isphere and s i t e  o f le s io n . The c o n d itio n / 
la te ra l i ty /h e m is p h e re /a re a  e f f e c t  i s  due to  the  r ig h t  s id ed  delay  
o ccu rrin g  in  p a t ie n ts  w ith  r ig h t  hem isphere p a r ie to - o c c ip i ta l  and 
p a rie to - te m p o ra l in ju r ie s  on ly , and not the  l e f t  hem isphere in ju red  
group. Because th e re  i s  no fu r th e r  in te r a c t io n  w ith  e le c tro d e  p o s it io n  
th i s  r ig h t  s id ed  de lay  i s  g e n e ra lis e d  and not lim ited  to  any s p e c if ic  
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There i s  a  g en e ra l e f f e c t  o f  p o s i t io n ,  F (2 , 26)= 14 .51 , p<0.0001. 
The mean PlOO la te n c y  fo r  each e le c tro d e , d is re g a rd in g  a l l  o th e r  v a ria b ­







The e f f e c t  i s  th e re fo re  caused by PlOO o c cu rrin g  b i l a t e r a l l y  e a r l i e r  in  
o c c ip i ta l  re g io n s , compared to  tem poral and p a r ie ta l  a re a s . There were no 
in te r a c t io n s  w ith  p o s i t io n ,  so th i s  fin d in g  was p re sen t du ring  a l l  types 
o f  s t im u li  and in  a l l  p a t ie n t  groups.
ANOVA: P300 am plitude
Table 9:13  shows th e  ANOVA p r o b a b i l i t i e s  fo r  P300 am p litu d e . There 
i s  a  s ig n i f ic a n t  e f f e c t  o f c o n d itio n , F (5 ,65)=  11.05, pKO.OOOl, which 
in te r a c t s  w ith  l a t e r a l i t y  ( i . e .  s id e  o f re c o rd in g ) , F (5 ,6 5 )=  3 .4 3 ,
p<0.01. There i s  a ls o  a  s ig n i f ic a n t  g en era l e f f e c t  o f e le c tro d e  p o s i t io n ,  
F (2 ,26)=  17 .48 , p<0.0001, which in te r a c t s  w ith  c o n d itio n , F (10,130)=
5 .9 0 , pKO.OOOl. Because th e re  were no o th e r  g en era l e f f e c t s  o r  i n t e r ­
a c tio n s  , th e  P300 am plitude v a lues covering  c o n d itio n , l a t e r a l i t y  and 
e le c tro d e  p o s i t io n  a re  shown in  Table 9 :14  and F ig  9 :1 5 , re g a rd le s s  o f 
in ju re d  hem isphere and a re a  o f wound. The g en era l e f f e c t  o f c o n d itio n  i s  
due to  P300 am plitude being o f markedly lower am plitude during  p a t te rn  
re v e rs a l  compared to  th e  o th e r  f iv e  ty p es  o f s t im u l i .  In o rd e r  to  observe 
th e  c o n d i t io n / l a t e r a l i ty  in te r a c t io n .  Table 9:16 shows th e  d if fe re n c e  in  
P300 am plitude between th e  r ig h t  and l e f t  hem isphere fo r  each type of 
c o n d itio n . The in te r a c t io n  seems to  be due to  P300 c le a r ly  o c cu rrin g  of 
h ig h e r am plitude over th e  r ig h t  s id e  ( a t  a l l  e le c tro d e  s i t e s )  compared to  
th e  l e f t  e le c tro d e s  during  u p r ig h t known and unknown fa c e s , to  a  le s s e r
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P300 AMPLITUDE T a b le  9 : 1 3
ANOVA Table o f  p r o b a b i l i t i e s f o r  Experiment 6 .
Source Degrees F P r o b a b i l i t y
o f  freedom
Hemisphere 1 1.38 0 .2618
Area 4 0 .3 8 0.8194
Hem/area 4 0.71 0.5966
Error 13
Condit ion 5 11.05 0 .0000  *
Cond/hem 5 1.18 0.3300
Cond/area 20 1.17 0 .3053
Cond/hem/area 20 0 .84 0 .6599
Error 65
L a t e r a l i t y 1 3 .26 0 .0944
Lat/hem 1 1.37 0 .2623
L at /area 4 1.72 0 .2050
Lat /hem/area 4 1.76 0 .1972
Error 13
Condi t i  o n / 1 a t e r a l i  t y 5 3 .4 3 0 .0 082  *
Cond/lat /hem 5 1.40 0 .2357
C o n d / l a t /a r e a 20 1.69 0 .0586
Cond/1at/hem/area 20 1.23 0 .2613
Error 65
P o s i t i o n 2 17.48 0 .0000  *
Pos/hem 2 1.41 0 .2624
Pos /area 8 0.71 0 .6813
Pos/hem/area 8 1.22 0 .3 265
Error 26
Condi t o n / p o s i t i o n 10 5 .90 0 .0000  *
Cond/pos/hem 10 0 .93 0 .5 113
Con d/pos /area 40 0.67 0 .9 253
Cond/pos/hem/area 40 1.38 0 .0893
Error 130
L a t e r a l i t y / p o s i t i o n 2 1.92 0 .1668
Lat/pos /hem 2 3.36 0 .0502
L a t / p o s /a r e a 8 0 .8 9 0 .5347
Lat /pos /hem /area 8 0 .88 0 .5 447
Error 26
C o n d i t i o n / 1 a t e r a l i t y / p o s 10 0 .9 3 0.5091
Cond/1at/pos /hem 10 0.9 3 0.5051
C o n d /1 a t /p o s /a r e a 40 0.91 0 .6 206
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degree with inverted known faces and geometric designs, but not con­
sistently during words and pattern reversal.
The general effect of position (which can be seen in Fig 9:15) is 
due to P300 appearing of much higher amplitude in temporal and occipital 
regions than in parietal areas. The position/condition interaction is 
caused by pattern reversal not showing this so obviously, with temporal 
and parietal regions showing fairly similar amplitudes.
ANOVA: P300 latency
Table 9:17 shows the ANOVA probabilities for P300 latency. Tbere 
are three significant general effects of P300 latency as follows: injured 
hemisphere F (1,13)= 6.28, p< 0.05; area of injury F (1,13)= 6.12, p<
0.01 and condition F (5,65)= 8.29, pKO.OOOl. As there are no further 
interactions Table 9:18 gives the P300 latency to include hemisphere, 
area and condition but not laterality (side of recording) or electrode 
position. To examine the general hemisphere effect P300 latency has been
calculated separately for patients with right and left sided injuries,
disregarding all other variables. The mean latencies are 317.1 ms and
294.9 ms respectively and so the effect is due to those patients with
right sided injuries having generally (and therefore bilaterally) slower 
P300 latencies (in the region of 22 ms) than the left injured group. This 
can be seen more clearly in Fig 9:19 which gives the latency of P300 for 
the patient's injured hemisphere and the site of the lesion.
The general effect of area can be seen from the mean latencies at 
the bottom of Table 9:18 (calculated disregarding all other variables
except the site of injury) and in Fig 9:19. The effect is due to those
patients with injuries to the occipital and parieto-occipital regions 
having bilaterally later P300s (by 20-50 ms) than the other groups. As
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P300 LATENCY T a b le  9 : 1 7
ANOVA Table of  p rob ab i l i t ie s  for Experiment 6.
Source Degrees F Probability
of  freedom
Hemisphere 1 6.28 0.0263 *
Area 4 6.12 0.0054 *
Hem/area 4 0.49 0.7434
Error 13
Condition 5 8.29 0.0000 *
Cond/hem 5 1.61 0.1702
Cond/area 20 0.85 0.6513
Cond/hem/area 20 1.24 0.2500
Error 65
Laterali ty 1 3.92 0.6953
Lat/hem 1 1.81 0.2009
Lat/area 4 1.09 0.4032
Lat/hem/area 4 0.49 0.7431
Error 13
Cond it ion / la tera l i ty 5 1.00 0.4221
Cond/lat/hem 5 1.92 0.1024
Cond/lat/area 20 1.09 0.3802
Cond/1at/hem/area 20 0.63 0.8792
Error 65
Position 2 2.60 0.0936
Pos/hem 2 0.06 0.9464
Pos/area 8 0.51 0.8346
Pos/hem/area 8 0.63 0.7466
Error 26
Condi t i  on/posi tion 10 0.41 0.9392
Cond/pos/hem 10 0.33 0.9727
Cond/pos/area 40 1.02 0.4551
Cond/pos/hem/area 40 0.47 0.9963
Error 130
Laterali  ty/pos i t i  on 2 0.41 0.6657
Lat/pos/hem 2 1.47 0.2493
Lat/pos/area 8 0.48 0.8585
Lat/pos/hem/area 8 0.66 0.7184
Error 26
C ond it ion / la tera l i ty /pos 10 0.68 0.7434
Cond/lat/pos/hem 10 1.04 0.4117
Cond/lat/pos/area 40 0.46 0.9972
Cond/1at/pos/hem/area 40 0.74 0.8611
Error 130
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there was no hemisphere/area interaction this area effect is true for
both right and left hemisphere injured patients.
The general effect of condition can be observed from the values on
the right hand side of Table 9:18 which shows the mean P300 latencies
just for condition, excluding all other variables. The latency is later 
during the three types of face stimuli (319, 324 and 332 ms) than with
words (271 ms), geometric designs (296 ms) and pattern reversal (267 ms).
Discussion of Results
The statistical findings in this group of brain injured men show 
numerous significant effects, only some of which appear to be related to 
cerebral trauma. For clarity, those which replicate the previously 
reported results in normal subjects will be mentioned initially and then 
the effects which seem to be correlated with either the side or the area 
of the penetrating wound will be discussed.
Findings which replicate the normal control data.
Both PlOO and P300 showed the same topographical differences as 
those reported for the normal right handed controls. PlOO was larger in 
occipital areas than in temporal and parietal regions (particularly with 
pattern reversal) and the latency of this component was also similar to 
control values, being earlier with words and the two control stimuli than 
during the face conditions and again showing the shortest latency in 
occipital regions. P300 was of approximately equal amplitude in occipital 
and temporal areas and much reduced parietally. This component also 
showed a general amplitude difference depending on the type of stimulus 
(replicating the normal data) being, in order of magnitude, largest with
269
face stimuli, then words, geometric designs and pattern reversal.
Most importantly, P300, in these brain injured men, was clearly of 
higher amplitude on the right side compared to the left with upright 
known and unknown faces, to a lesser degree with inverted known faces and 
geometric designs, but not with words and pattern reversal. This finding 
replicates the same highly significant result found in normal right 
handers in Experiment 1. While such reproducibility signifies a certain 
robustness of the right sided amplitude superiority to face stimuli, it 
also poses the question why, with the inclusion of patients with right 
hemisphere damage, this effect still remains highly significant and 
apparent at all electrode sites. Such a result suggests that the source 
responsible for the amplitude asymmetry may lie in deep cortical 
structures unaffected by survivable missile injury. (However, it should 
be r^nembered that no patient suffered from prosopagnosia as a result of 
his head wound, and if P300 is specific to facial processing then the 
findings are compatible).
Findings related to brain injury
Before discussing these results it is important to point out that 
lesion experiments are subject to several limitations that may prevent 
straightforward interpretation. Firstly, a lesion may alter a given 
component, not because it destroys the cells that generate a certain 
potential, but because it interrupts pathways from other brain areas that 
provide necessary afferents to the generating site. Secondly, non-neural 
mechanisms (e.g. circulatory changes) may account for all or part of the 
E.P. change and thirdly, the size of the lesions are variable and there­
fore may produce effects due to overlapping damage to multiple 
structures. Finally, lesions may influence components indirectly via more
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generalised effects (e.g. changes in arousal) and not by influencing the 
generators per se. However, as mentioned earlier, with respect to local­
isation missile injuries offer certain advantages over other types of 
brain lesions and although the above limitations may make interpretation 
difficult these patients represent the best source presently available 
for human experimentation.
Although the amplitudes of PlOO and P300 were not significant ly 
different, compared to normal values, in this group of brain wounded men 
the latency of both components did show alterations correlated with the 
side of the penetrating wound and the area of injury. PlOO was generally 
delayed when recorded from the right side (compared to the left) in 
patients with right hemisphere parieto-occipital injuries during words 
and geometric designs, and in patients with right hemisphere parieto­
temporal wounds during upright known and unknown faces. The latency was 
not, however, similarly affected in men with left sided damage. While 
patients with posterior lesions may be expected to have a distorted PlOO 
component, it is not easy to explain why areas of cortical damage should 
produce a latency delay specific to the type of stimulation. One 
plausible, but tentative, interpretation is that there are stimulus 
specific anatcxnical locations at this early stage in visual processing. 
Several studies have provided evidence of a correlation between function 
and visual cortical organisation in the macaque monkey, using single unit 
recordings. Discrete areas of the striate cortex have been shown to be 
specifically responsive to line orientation and direction of novement 
(Hubei and Weisel, 1968 and 1979). The superior temporal sulcus has been 
shown to respond specifically to faces, spots, slits of light and 
shadows of objects (Bruce, Desimone and Gross, 1981) and to gratings, 
simple geometric stimuli, faces and canplex three dimensional objects
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(Perrett, Rolls and Caan, 1982). That there is a connection between these 
areas is evident from the study by Rockland and Pandya (1979) who 
described distinct topc^raphic inputs to the superior temporal gyrus from 
the striate cortex in the rhesus monkey. While there are problems 
relating animal and human cortical data this evidence nevertheless 
suggests that cortical localisation of visual function could similarly 
occur in man. Indeed, Fried et al (1982), using electrical stimulation 
techniques on the exposed cortex, have provided evidence for discrete 
localisation of the perception of line orientation and faces within the 
right hemisphere of humans although there was no dissociation in the 
cerebral localisation of these two types of stimuli. (There was no sim­
ultaneous recording from the left side).
However, these studies offer no explanation as to why PlOO should 
be altered under different stimulus conditions in patients with right, 
but not left, hemisphere damage, indicating functional differentiation 
within one hemisphere at an early perceptual level. Newccmbe and Russell 
(1969) have compared the performances of patients with right or left 
hemisphere penetrating brain injuries on a facial recognition test and a 
visual maze learning task. Patients with right sided lesions p)erformed at 
a lower level than those with left sided injury on both tasks but none of 
the right hemisphere group who showed defective facial recognition 
exhibited correspondingly defective visual maze learning. The neuro­
logical basis of the two deficits also tended to be different because the 
p>atients with defective facial recognition had pxjsterior temporal lobe 
injuries with an associated left upper quadrantic visual field defect, 
while those who performed defectively on visual maze learning generally 
had posterior parietal lesions with an associated left hemianopia. The
272
authors however could not decide whether the deficits were due to visual 
perceptual (early) or visual memory (late) impairment. Therefore, 
although Newccmbe and Russell's results correlate well with the present 
electrophysioloigcal findings they cannot be regarded as evidence 
specifically related to PlOO rather than to P300.
Evidence of early, asymmetrical perceptual processing cones from 
two experiments, both involving thalamotomies, by Ojemann (1977) and 
Vilkki and Laitinen (1974). Unfortunately, these reports cannot con­
tribute to the discussion on hemispheric functional differentiation 
because each study only presented one type of non-verbal stimulus. 
Ojemann (1977 and 1979) describes the effects of ventrolateral thalamic 
stimulation during right or left stereotaxic thalamotomy for the treat­
ment of patients with dyskinesia. Patients were tested for verbal ability 
with an object naming task and for non-verbal processing by present­
ation of slides showing 16 and 24 point shapes. Interference to language 
and short term verbal memory occurred only with left thalamic stimulation 
while an effect on non-verbal, visuospatial material was present with 
stimulation to the right thalamus. Vilkki and Laitinen (1974) assessed 
patients undergoing right or left thàlamotcxny (by high frequency 
electrocoagulation for Parkinson's disease or hereditary intention 
tremor) both pre- and post-operatively with tasks of word fluency, 
receptive and expressive verbal efficiency, face recognition and fece 
matching. Verbal performance deteriorated significantly after left thal­
amotomy but not at all after a lesion on the right. Pace recognition was 
not altered by right or left sided surgery suggesting that thalamotomy to 
either side does not impair memory for faces. Performance time was pro­
longed in the face matching task in both patient groups, indicating that 
thalamotomy may disturb visual searching or perceptual speed irrespective
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of the side of surgery. Most importantly, the nuirber of errors in the 
face matching test increased significantly more after right, ccmpared 
to left, sided lesions with the patients who made many errors appearing 
to identify a face by just a few features that were easy to isolate and 
verbalise yet too general to be reliable as discriminatory cues (e.g. a 
man, straight hair with a parting). Right thalamotomy may therefore 
cause inattention to the discriminatory cues necessary for the rapid 
perception of faces. Both this study and that by Ojemann (1977) 
strongly suggest that there is a functional difference between the two 
thalami (i.e. at an early stage in processing) related to hemisphere 
dominance at the cortical level, with right, but not left, sided lesions 
affecting non-verbal, visuospatial and face stimuli.
The possible influence of visual field defects upon the latency of 
PlOO must be considered. The fields for each patient are given in Fig 9:1 
which shows that the defects between the right and left parieto-occipital 
and parieto-temporal groups are not exactly comparable, the right hemi­
sphere wounded men having a greater degree of visual loss. Although 
patients were asked to fixate centrally it could be argued that a 
preference for left to right scanning of non-verbal material (Braine, 
1968) would impede patients with right sided injury ard associated left 
visual field defects more than those with left hemisphere wounds and 
right visual field loss, consequently affecting the latency of PlOO in 
the former but not the latter group. Although this theory could prove 
tenable if PlOO had shown a consistent delay across conditions it fails 
to explain the variability in latency recorded under different stimulus 
presentations. Therefore, any contribution from visual defects may be 
ruled out.
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The latency of P300 was also affected by the side of the wound, for 
it was generally delayed during all types of stimuli but only fran 
patients with right hemisphere injuries (wherever the specific area of 
damage). It should be noted that P300 was later from both the right aid 
the left sided electrodes in this group. Until now, it has been assumed 
that P300 is initiated as a bilaterally simultaneous event because an 
interhemispheric time difference has never been observed in normal 
subjects. Yet, the occurrence of a bilateral delay, apparently produced 
only by a right, and not left, sided injury (but see below) does suggest 
that this component may originate within the right hemisphere. However, 
this conclusion is not supported by recent studies investigating the 
neural generators of the evoked potential in man with simultaneous sur­
face and depth recordings. Using implanted electrodes and visual stimuli 
(flashes), Velasco and Velasco (1985 and personal communication) report 
no interhemispheric latency difference in a component localised to the 
lateral geniculate body viiich occurs simultaneously with the scalp P300. 
Similarly, McCarthy (1985 and personal communication) using visual stim­
ulation consisting of circles and crosses, has found no latency diff­
erence in the simultaneous, bilateral intracranial recording of a medial 
temporal waveform which covaries with the scalp P300.
A further significant result of a locus effect relating to P300
latency makes the overall picture even more complicated. This component 
was generally (and therefore bilaterally) delayed in patients with 
parieto-occipital and occipital lesions regardless of the side of the
injury, providing evidence in contrast to the above suggestion of a right
sided origin for P300. The finding that either a right or left hemi- 
spAiere parieto-occipital or occipital injury can affect the latency 
throughout the contralateral side indicates that these two specific areas
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within both hemispheres are necessary for the normal, bilateral 
production of this component.
A bilateral P300 delay can therefore be produced by either (i) a 
right hemisphere posterior missile wound or (ii) a right or left sided 
parieto-occipital / occipital injury. If the present knowledge of 
functional cerebral localisation is considered these two findings are not 
in fact mutually exclusive. There is clear evidence to indicate that 
early visual processing in man occurs in the primary receiving areas of 
the striate cortex. As cognition must follow perception, P300, (if it is 
related to cognitive processing) is likely to be initiated as a con­
sequence of visual input within the occipital cortex. The development of 
right temporal lobe dominance for visual functions in man has been post­
ulated to involve striate-temporal cortical interactions ^ich selective­
ly "potentiate" or "load" inputs to the right temporal lobe from both 
primary projection fields (Mishkin, 1965). The generator of this later 
component could then lie within the right hemisphere but be dependent 
upon information from both primary visual projection fields. Con­
sequently, the latency of P300 would be affected by disruption to either 
(i) the right or left striate cortex, or (ii) the right hemisphere 
association cortex.
In summary, the experimental findings in this group of missile 
injured men show, for both PlOO and P300 amplitude, only results that 
replicate those reported previously with noimal subjects. The side and 
site of the lesion had no effect upon the amplitude of either of these 
two components.
The latency of the early PlOO component was significantly delayed 
from the right side in patients with right parieto-occipital and parieto-
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temporal lesions according to the type of stimulus. This dissociation of 
the delay between certain conditions suggests that there may be stimulus 
specific cerebral organisation and functional differentiation within the 
right hemisphere at an early stage in visual processing.
Patients with right hemisphere wounds showed a generalised, and 
therefore bilateral, delay in PSOO which may indicate that this 
component originates within the right hemisphere. Yet this wave was also 
bilaterally prolonged in patients with injury to the parietal-occipital 
and occipital areas, regardless of which hemisphere had received the 
missile wound. The latter finding, seemingly in contrast to the above 
hypothesis, suggests that these two regions are essential for the 
bilateral production of P300 at the normal latency. îfowever, by taking 
into account the known location of early perceptual processing in man, 
these two results are compatible.
277
CHAPTER ID  
GENERAL DISCUSSION
The work of this thesis has been concerned with research into 
electrical potentials evoked by differing types of visual stimulation 
with particular emphasis paid to the later ccmponents of the waveform 
recorded in response to face stimuli. Major aims have been to investigate 
hemisphere differences in the early and late components to different 
types of visual stimuli in normal subjects, the waveform variability in 
relation to age, sex and handedness, and the character of the evoked 
potential change in patients with cerebral dysfunction. It is now time to 
outline the main findings and to consider what questions this work has 
answered ard what questions it has raised or left open. The relation of 
the results to previous studies by other workers must also be summarized 
and future proposals outlined.
The research was initiated by a preliminary study which confirmed 
that an evoked potential could be recorded in response to slides of 
faces, in a situation where subjects were hot required to perform a task. 
The form and latency of the two positive components corresponded to PlOO 
and P300 reported in the literature with the maximum amplitude occuring 
over the posterior temporal, parietal and occipital regions. This was a 
novel finding (Small, 1983); no previous study had r^orted an evoked 
potential produced by face stimuli.
Chapter 1 describes the first experiment which involved right 
handed subjects, on the assumption that they would be left hemisphere 
dominant for language and therefore right hemisphere dominant for non­
verbal material. This study concentrated on PlOO and P300 in response to
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both known and unknown faces and two control conditions ’«hich included 
complex stimuli other than faces and a physical stimulus without 
cognitive content. While P300 was found to be larger over the right 
hemisphere during all conditions, it showed a greater right/left diffei^ 
ence with face slides than to control stimuli. This was a highly sig­
nificant result (p< 0.001) and suggests that the asymmetry is related to
"facial factors" rather than complexity. No difference was found in
either the latency or the amplitude of the response between known and 
unknown faces, an unexpected finding for Neville et al (1982) have 
reported a larger P300 to slides (of people, places and paintings) that 
were recognised as opposed to unrecognised. Because there was no differ­
entiation between known and unknown faces the right hemisphere P300
amplitude superiority seems to represent processing a face irrespective 
of whether or not the viewer has had previous experience of it. It
remains slightly disappointing that these two types of stimuli showed no 
difference because such a result could have been applied to the study of 
facial memory and towards an objective test of facial recognition.
PlOO and P300 were different with r^ard to hemisphere asymmetry. 
PlOO showed a right greater than left amplitude emphasis equally with 
all types of stimuli but P300 had an additional right sided superiority 
in response to slides of faces. As PlOO is thought to reflect the 
physical properties of a stimulus, this finding supports the theory that 
P300 is in fact related to cognition. The results of the first experiment 
also suggested that the origins of these two components are not identical 
and that they are evoked by different aspects of a stimulus. PlOO was of
greatest amplitude occipital ly (corresponding to the area of maximum
amplitude to flash described by Kboi et al, 1965) whereas P300 was more
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widespread, suggesting an alternative site of production, possibly within 
the association areas. Precise localisation of component generating 
sites is obviously limited by the use of surface electrodes and further 
research in this area may have to rely on intracranial techniques. The 
present work by McCarthy (1985) and Velasco and Velasco (1985), recording 
P300 from cortical depth probes in awake humans, should provide more 
direct answers.
Finally, this experiment with fifteen female and fifteen male 
subjects provided an opportunity to observe the effects of sex and age on 
the evoked potential. PlOO was generally of higher amplitude in females 
and both PlOO and P300 occurred earlier in women. Such results are 
difficult to explain by variations in skull thickness; hormonal diff­
erences may be influential. With advancing age PlOO was smaller, yet P300 
larger, in response to face stimuli. Comparison of the present results 
regarding sex and age with the findings of other workers proved difficult 
because previous studies have been limited to the evoked potential in 
response to pattern reversal. However, the analyses clearly indicate that 
significant differences do exist in relation to a subject's sex and age, 
emphasising the need to take such factors into consideration.
As there was a highly significant right greater than left amplitude 
asymmetry of P300 in the initial study on right handers the second 
experiment was carried out to discover whether this P300 superiority 
could reasonably be ascribed, in dextrals, to the function of processing 
faces %hich is assumed to be located within the right hemisphere. Left 
handers are known to have less definite speech latéralisation with a 
higher proportion of right sided or bilateral language r^resentation 
(Branch et al, 1964; Milner, 1974; Strauss and Wada, 1983) and so, con­
versely, they must have more frequent organisation of non-verbal pro­
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cessing within either the left or both hemispheres. A group of sinistrals 
should therefore show no significant P300 amplitude asymmetry (or 
alternatively a left greater than right emphasis) if the evoked potential 
superiority is indeed related to cerebral function.
Twenty-two left handers took part in Experiment 2 and in most 
respects the results parallelled those of the right handed controls. PlOO 
and P300 showed similar mean amplitudes and latencies to those r^orted 
in the previous experiment indicating that the results are easily 
replicable. The most impressive finding was the absence of a significant 
right greater than left P300 amplitude asymmetry, nor was there a 
reversed effect. Even after further classification into familial and non- 
fami liai left handers (based on evidence that these two groups can be 
distinguished according to which hemisphere is dominant for speech) the 
results were the same. This negative finding in a group of left handers, 
who can be assumed to have less lateralised non-verbal representation, 
therefore supports the earlier theory that the P300 right sided supei^ 
iority with face slides does reflect functional organisation.
The next most pertinent question to be asked was whether the P300 
asymmetry, recorded in right handers, reflected a processing ^stem 
specific to upright faces or a more general perceptual ability within the 
right hemishere. While the evoked potential to slides of geometric 
designs (presented in Experiment 1 to act as control "non-face" stimuli 
with cognitive content) indicated that the marked asymmetry was specific 
to faces, inclusion of inverted face slides would answer the question 
more directly. If the P300 amplitude asymmetry reflects a superiority for 
processing any type of complex stimuli, it should not be affected by 
inversion but if the asymmetry is specific to upright faces, inverting
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the stimulus should reduce or eliminate any such effect. Tachistoscopic 
studies (Leehey et al, 1978; Young and Bion, 1981) have shown that pro­
cessing upright and inverted faces can be differentiated because a clear 
left visual field advantage (right hemisphere) is seen with upright faces 
while inverted faces show no difference between right and left fields 
(i.e. left and right hemispheres respectively). The third experiment was 
therefore undertaken in an attempt to replicate, with electrophysio-
logical techniques, the results from these tachistoscopic paradigms.
The subjects were the same right handed individuals %ho had
previously participated in Experiment 1. On this occasion the stimuli 
consisted of the same known and unknown face slides presented at that
time except that they were shown upside-down. Statistical analyses were 
carried out on the responses evoked by inverted known and unknown faces
compared to upright known and unknown faces, and geometric designs. The
results showed no difference in PlOO between upright and inverted face
conditions, a not unexpected finding because the physical features of the 
slides remained constant. P300, however, with inverted faces failed to 
produce the clear right sided emphasis previously observed with upright
faces. As the slides did not differ physically this finding sub­
stantiates the theory that P300 is correlated with cognitive, rather than
physical, parameters. It also indicates that the right hemisphere
asymmetry seen with upright faces is related to vertical orientation,
i.e. that there is a "speciality" for upright faces within the right
hemis{iiere.
There was a clear difference in the overall amplitude of P300 
between upright and inverted face conditions, the latter being markedly 
reduced. Although subjects found inverted faces much harder to recognise 
(reflected in their scores of 48% correct with inversion and 81% correct
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with upright faces) this difference cannot be attributed to "recognition 
ability" because P300 showed no comparable amplitude difference between 
known (recognisable) and unknown (unrecognisable) upright faces. The 
amplitude decrease therefore seems to be associated with the orientation 
of the slides. The fact that the amplitude was bilaterally reduced by 
inversion Implies that although the right hemisphere has a specificity 
for upright faces, such processing must occur, to some extent, in both 
hemispheres. This amplitude decrement replicates the finding by Perrett 
et al (1984) who describe a marked amplitude reduction in the firing of 
single neurones recorded from the macaque cortex in response to inverted 
(compared to upright) faces. Although no explanation for this decrease 
was offered by Perrett et al their future work on primates may discover 
why inverted stimuli produce such an effect.
The experimentation so far had been specific to the investigation 
of the V.E.P. waveform in response to non-verbal material. However, it is 
obvious that in man both cerebral hemispheres have a role in cognitive 
function and considerable evidence exists from lesion studies, 
coramissurectomies and tachistoscopic studies in normal subjects to 
indicate that the dcxminant, usually left, side is more involved than the 
right with language. An interesting question therefore arose: would the
previous right handers who showed a right greater than left asymmetry 
with non-verbal slides subsequently reveal a similar, but opposite 
superiority with linguistic stimuli?
Previous studies in this field have produced conflicting results, 
for example Shelburne (1972) and Friedman et al (1975) report no diff­
erence between right and left hemispheres yet Preston (1979) and Kutas 
and Hi11yard (1982) describe higher amplitudes on the left in parietal
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and temporo-parietal regions respectively. Although evidence for language 
related asymmetries therefore remains inconclusive, these studies provide 
a strong indication of an existing late component in response to verbal 
stimuli. Experiment 4 was subsequently undertaken to substantiate the 
presence of P300 to linguistic stimuli and to investigate any evidence of 
asymmetry. Fifteen of the original group of right handers viewed a series 
of slides consisting of common words.
Both PlOO and P300 were evoked by verbal stimuli, confirming 
previous studies (Courchesne et al, 1978; Freidman et al, 1975; Kutas and 
Hillyard, 1982) which report the presence of both components in response 
to slides of words. Statistical analyses showed no significant results at 
all except for an interaction with P300 due to this component occuring 
with a higher amplitude over the left temporal region in female subjects 
compared to males. There was however no general P300 amplitude asymmetry 
for the viiole group.
When compared to the values obtained with presentation to the same 
subjects of non-verbal material, PlOO was of much lower amplitude and 
did not show the marked occipital maxima, being similar at all electrode 
sites. This finding could indicate either that the slides of words proved 
insufficient in eliciting the usual occipital response due to physical 
parameters or that the processing of verbal material is less localised. 
P300 was also of lower voltage when compared to the values obtained with 
non-verbal stimuli and, like PlOO, it occurred with equal amplitude at 
all sites. Taken together with the lack of an asymmetry, this suggests 
two possibilities (i) either that there is no clear lateralised, 
localised area for the processing of verbal material or that (ii) 
such function is located in deeper subcortical areas, not accessible to 
surface recordings.
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Up to this point the work had focused on the variability of PlOO 
and P300 in normal subjects, including the influence of handedness, sex 
and age and the differential effects found with six different types of 
visual stimuli. Such a collection of information gave the range of 
amplitude and latency values found in a normal population, allowing 
confident statistical comparisons to be carried out on patients with 
related neuropsychological deficits. The opportunity arose to examine a 
patient with prosopagnosia. This patient, R.B., initially presented in 
1975 with difficulty in recognising familiar faces, difficulty matching 
patterns and a tendency to get lost in unfamiliar surroundings. There was 
a low density area in the right posterior parietal area on CT scan. In 
1977 he was found to have a left upper homonymous quadrant anoxia, an 
impaired ability to recognise details of facial features and on CT scan 
there was a right temporo-parietal lesion with an additional low density 
area above the left lateral ventricle. With formal neuropsychological 
tests it was noted that his prosopagnosia was not as severe as had been 
reported in other cases though there was ample evidence of a difficulty 
with recognising both unfamiliar and famous people. His problems were 
shown not to be due to either a generalised intellectual deterioration, a 
general derangement of visual spatial function or to a gross sensory 
deficit.
This patient’s evoked potentials, in response to known and unknown 
faces, geometric designs and pattern reversal, were recorded in Sept­
ember, 1982. His results were compared to the mean values of the male, 
right handed controls who took part in Experiment 1. In respect to PlOO 
amplitude, P300 amplitude and P300 latency there were no significant 
differences between the patient and the control group. Although R.B.’s
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P300 latency in response to known faces seemed delayed it actually fell 
within the normal range.
PlOO, however, was generally slower by 30 ms during all four
conditions in the patient compared to the normal subjects. It was bi­
laterally delayed, indicative of a disturbance within both hemispheres at 
an early, sensory level suggesting involvement of the pathways to the
primary visual cortex. Although bilateral, the PlOO delay was not symm­
etrical for the right hemisphere responded 8 ms later than the left 
side. The possibility of this latency difference being due to poor acuity 
or to the quadrantanopia could be ruled out because it occurred incon­
sistently across conditions. Compared to normal controls, who only showed 
a 2-3 ms interhemispAieric time difference during known faces and pattern 
reversal, the patient showed the right sided delay with geometric designs 
and, very markedly so, with pattern reversal. That the varying stimulus 
conditions produced a dissociation in the PlOO interhemispheric delay, 
unlike that found in the normal controls, infers that even at the early 
sensory input level there is stimulus specific cer^ral organisation. 
This evidence for specificity in man correlates well with what is known 
about the primate cortex (Hubei and Weisel, 1968; Bruce et al, 1981; 
Perrett et al, 1982)
While these findings are in keeping with the patient's known diffic­
ulty with textured pattern matching they do not help to explain his def­
icit on face recognition. In one respect the results are consistent with 
the study by Fried et al (1982) who found perception of line orientation 
in humans to be localised within the right hemisphere, in the region of 
the parieto-occipital junction. However, Fried found no distinction in 
the cer^ral localisation between perception of upright faces and line 
orientation, evidence which infers that there should in fact have been no
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dissociation between the response to faces and geometric designs in this 
patient. However, other studies do suggest dissociations associated with 
these stimuli, e.g. Eslinger and Benton (1983).
The opportunity was also taken to examine a group of men who had 
received missile injuries during World War II. Twenty-four men took 
part, twelve with right and twelve with left hemisphere wounds. They were 
categorised according to the area of injury (temporal, parietal, 
occipital, parieto-temporal and parieto-occipital) with the numbers being 
evenly matched between right and left hemisphere groups. The statistical 
analysis was designed to evaluate differential effects between right and 
left sided lesions and possible differences related to the specific area 
of injury.
The results showed that although the amplitude of PlOO and P300 was 
not significantly different in this group of patients compared to normal 
controls, the latency of both these components was altered. PlOO was 
prolonged from the right hemisphere in patients with right parieto­
occipital and right parieto-temporal missile wounds, the delay being 
variable depending on the type of stimulus. This finding suggests that 
functional differentiation occurs within the right hemisphere at an early 
stage in visual processing and, like the PlOO latency change r^orted for 
the prosopagnosic patient, implies that the brain is stimulus specific in 
humans at this level of perception. Such evidence for early, asymmetrical 
processing correlates well with the studies by Ojemann (1977) and Vilkki 
and Laitinen (1974) who report that right, but not left, thalamic lesions 
interfere with the perception of visuospatial material and face stimuli 
in human subjects. Each of these studies only presented one type of
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Visual stimulus and therefore functional differentiation could not be 
assessed. However, the present suggestion of right hemisphere functional 
specialisation is supported by the findings of Newconbe and Russell 
(1969). I^tients with right sided lesions performed less well on facial 
recognition and visual maze learning tasks than those with left sided 
injury, and performance deficits on the two tasks in the right hemisphere 
group could be differentiated. Further investigation of patients with 
circumscribed lesions, involving several different types of visual 
stimuli, would be worthwhile in an attempt to learn more about functional 
specialisation.
The group of missile injured patients also showed two other 
interesting effects. Men with right sided lesions, regardless of the 
precise site, showed a bilateral delay in P300 (while men with left 
hemisphere injuries did not), inferring that the origin of this conponent 
lies within the right hemisphere. However, P300 was also significantly 
later in patients with right or left parieto-occipital and occipital 
damage (i.e. regardless of which hemisphere had received the injury) 
suggesting that these regions within both hemispheres must be intact for 
a normal P300 latency. This latter finding appears to conflict with the 
previous result but can be explained by postulating that the right hemi­
sphere may indeed be functionally dominant for visual processing but that 
such specialisation is dependent upon information fran both the right and 
left primary visual cortex. The latency of P300 would then be disrupted 
by damage either to the right association cortex or to the right or left 
occipital regions.
For the future, the study of the primate visual system by, for 
example, Perrett et al (1984) and Bruce et al (1981) should suggest 
further lines of research, promoting convergence between human neuro­
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psychology and animal neurophysiology. Further studies in man, using 
intracranial techniques and presentation of various types of visual 
stimuli, would certainly help towards understanding human functional 
organisation and stimulus specificity. Bilateral electrode implantation 
procedures, such as those by the Yale University group (i.e. Wood, 
McCarthy et al, 1984) may shortly define the origins of evoked 
potential components, particularly P300. Obviously, the opportunity for 
such experimentation is exceedingly rare but infoimation regarding 
functional specialisation could also be gained using more conventional 
methods, by investigating patients with clearly defined lesions under 
several different types of stimulus conditions.
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throwing (ball, darts) 
games (bat, racket) 
cutting with scissors 
brushing teeth 
striking a match 
hammering
Has there been any change in preference?
Please specify when and why, and in what activity
Is there a family history of left-handedness?
KNOWN FACES APPENDIX B
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Eamon Andrews 
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Preselected averaging formats for routine, clinical use
Variable averaging format
NCH Number of channels (6)
NSW Number of sweeps (42, 64 or 41 depending on the stimuli)
TIME Sweep time (1000 ms)
DELAY Delay time between trigger and start of sweep (0 ms)
EEC Continuous display of on-going EEC.
AV Start averaging
DISP Display of stored average
0/P Contents of average buffer printed and plotted
NAME Entry of subject’s name
PROC Stored averages displayed for processing
STOP Termination of program
PROPROG MENU 15 DISPLAYED FUNCTIONS APPENDIX E
NEXT Displays next stored average
SINGLE Displays a single channel
FIX Scale factor linked to previous runs
FREE Scale factor dissociated from previous runs
PRINT Cursor latencies and amplitudes printed on teletype
FILTER Three point moving average filter
0/P Current run plotted and printed
PLOT Current run plotted
AUTO Reloads Autoprog program
STOP Termination of program
DOWN Scales down the display
UP Reverses the effect of A
SUPER Outputs data, superimposing plots
SUM Current run summed into buffer
ENDSUM Contents of sum buffer displayed
MISSILE INJURED PATIENT HISTORIES
* CT scans were not carried out on four patients due to the presence of 
a metallic scalp plate (BT, TC, Œ  and AM).
1.LM In March 1945, at the age of 22 yrs, this patient received a
penetrating brain wound in the right parieto-occipital region, without 
loss of consciousness. Two days later the wound was debrided; an area of 
brain filled with pulp and bone chips was removed. On examination one
month later he was found to have a left homonymous hemianopia but no
sensory loss. In January 1946 the ^kull defect was r^mired with a tan­
talum plate. Several réadmissions occurred between 1948 and 1967 for
review of headache and epilepsy which consisted of both grand mal and 
minor visual fits. During this time the patient reported difficulties in 
map reading, model construction, recognising faces and judging speed and 
distances. Detailed psychological examinations carried out in 1969 and 
1981 showed a good performance on verbal tasks but marked impairment on 
visual perceptual and spatial tests. There was no evidence of generalised 
intellectual deterioration.
Present condition: A left homonymous hemianopia with perception of moving 
targets in the left upper quadrants. No sensory loss, weakness or ataxia.
2.EK The patient received a penetrating wound just anterior to the left 
ear with a compound fracture of the temporal bone in September, 1944, at 
the age of 24 years. The wound was debrided ten days later; a track
leading into the floor of the temporal fossa was explored by a linear
incision and a durai graft applied. Subsequently, he had complete 
paralysis of the left facial muscles, headaches, occasional attacks of 
giddiness and minor ^ileptic attacks at the rate of 3 to 4 per year 
consisting of a consecutive series of thoughts, usually nonsense words. 
These ceased in the 1950’s. Skull X-ray in'1956 showed a metallic foreign 
body in the left temporal lobe approximately two centimetres from the
surface. Intensive psychological investigation in 1964 reported that the
only suggestion of selective impairment was a barely discernible 
difficulty in retaining verbal material.
Present condition: Full visual fields. No weakness, ataxia or sensory
loss. CT scan showed a previous schrapnel injury with the entry wound in 
the left temporal fossa and a residual metallic foreign body in the 
region of the angular gyrus in the left temporal lobe.
3.BT At the age of 21 years, in March 1945, this patient had a 
penetrating wound in the left parietal region with only brief loss of 
consciousness. The following day the injury was debrided with bone and 
lacerated brain being removed from a track which passed directly down to 
a depth of four centimetres. Post-operatively he had a right homonymous 
hemianopia, slight paresis of the lower right face, sensory loss in the 
right arm and leg and some weakness in the right toes. On examination one
week later he was reported to have slight nominal dysphasia, a right 
attention hemianopia, profound loss to pin prick and of position sense 
and slight spastic weakness in the right leg. When seen at follo%r-up in 
1964 the patient complained of occasional attacks of visual disturbance, 
errors in spelling and writing and some clumsiness of the right foot. 
However, on neurological examination there was no weakness or sensory 
loss. Psychological tests showed no sign of generalised intellectual 
deterioration; the only selective impairments were difficulty in learnii^ 
new verbal material and a below average performance with block design. In 
1969 difficulty with learning new material was still marked and there 
was impairment in right/left orientation. Follow-up examination in 1975 
gave a similar picture.
Present condition: Full visual fields. Neurologically there was no weak­
ness and the only sensory disturbance was impaired postural sense in the 
right foot.
4.AH This patient received a penetrating wound to the right posterior 
parietal region in July 1944, at the age of 29 years. Fourty-eight hours 
later the brain track was debrided to a depth of four centimetres with 
removal of many indriven bone fragments. Post-operative neurological 
examination revealed no abnormality except a slight right facial weakness 
especially with emotion and the patient’s only complaint was that he 
found it difficult to find his way about. On examination two weeks later 
power and tone in the limbs were reported to be normal and no sensory 
deficits were found. Psychological testing showed ’’presence of intell­
ectual loss chiefly in a spatial sense and three dimensional thought such 
as that required for block design and memory for position”. Psychological 
follow-up in 1964 showed a difficulty in visual spatial tasks. When 
retested in 1969 he was impaired in some visual matching and recognition 
tests, was significantly impaired in personal right/left orientation and 
had considerable difficulty in learning both visually and tactually 
presented mazes. Neurological examination at this time revealed only a 
slight visual localisation difficulty in the left lower quadrant.
Present condition: Right visual field full; left, slight constriction of
12e isoptre. No weakness, ataxia or sensory loss. CT scan showed an old 
gunshot wound with bone deficiency in the right upper parietal region. 
There was a large cortical defect in the right upper parietal r^ion with 
slight enlargement of the ventricles in keeping with the patient’s age, 
but more localised dilatation in the right upper parietal region due to 
the wound.
5.JB This patient received four penetrating wounds in the left parietal 
area in March 1945, at the age of 22 years. At operation, nine hours 
after injury, a curved incision was made excising and uniting the four 
wounds. Brain matter and bone chips were removed. Postoperative motor and 
sensory testing was normal but there was a complete right homonymous 
hemianopia, right lower facial weakness, dyslexia, perseveration, 
acalculia and gross global dysphasia. In January 1946 the wound was 
again debrided and a metal foreign body removed. At this time dys- 
calculia, marked general dysphasia and top<%raphical disorientation were 
noted. At follow-up in 1965 the patient reported headaches, impaired
retention of recently learned material, poor concentration, difficulty 
with speech and visual loss. On neurological examination he was found to 
have a right homonymous hemianopia and weakness with diminished sensation 
of the right arm and right leg. X-ray revealed a left parietal defect
with shell fragments posteriorly placed in the left hemisphere. Iteych-
ological testing showed a dysphasic impairment and a slight selective 
impairment in constructional tasks. There was no evidence of a 
generalised memory deficit. When seen again in 1971, the residual 
dysphasia was still apparent^in speech, reading and writing. Verbal
memory was impaired and there was also evidence of a mild degree of
topographical disorientation (which had been noted at the acute stage).
Present condition: Right homonymous hemianopia. No weakness of limbs. CT
scan revealed an old gunshot wound in the left parietal region with 
severe disruption of the brain. There was an extensive area of low 
density reaching down to the left trigone and forward in the Sylvian 
fissure and region of the left temporal horn with several metallic 
fragments lying in the same area.
6.PG In February 1945, at the age of 19 years, this patient was hit by a 
machine gun bullet with an entry wound in the right zygomatic region ard 
an exit wound in the right mastoid area involving the right middle ear, 
right facial nerve and right temporal lobe. The wound was debrided two 
days later, a large amount of necrotic cortex and many bone fragments 
were removed. A radical mastectomy was carried out ten days later. The 
skull defect was repaired with a tantalum plate in September 1946. He had 
occasional generalised epilepsy between 1947 and 1956, ard between 1947 
and 1965 he reported weakness of the right hand and right side of face, 
impaired memory and concentration and slowness in learning. On admission 
in 1965 neurological examination revealed only a slight right facial 
weakness. Formal psychological testing showed the patient to be very 
efficient in tests of memory and learning. The only ancmalies were 
relatively less efficient sorting and a slightly perseverative tendency 
in verbal fluency tasks.
Present condition: Visual fields full. 'CT scan: metal plate over the
right temporo-parietal bone. Pituitary fossa intact and apparently normal 
size. Neurological examination showed a right lower motor neurone facial 
palsy but no weakness, ataxia or sensory loss.
7.GT In July 1944, at the age of 23 years, this patient received a tiny 
penetrating wound just posterior to the right mastoid and a durai tear 
over the cerebellum. At operation three days later four bone chips were 
removed (three from the cer^ellum) but no attempt was made to explore 
the wound track. Post-operative X-ray showed a m.f.b. (metallic foreign 
body) in situ (which had passed through the posterior part of the right 
lateral ventricle) but no remaining bone fragments. One week later the 
patient had minor cerebellar signs, a left homonymous defect and 
occasional twitching of the left side of the fe.ce. Five weeks after 
injury psychological testing showed impairment of memory, visual imagery 
and calculations. During re-examination at the end of September 1944 the 
quadrantic loss was still present and there was an inconstant left facial 
weakness. There was no follow-up until the present admission.
Present condition: A left hemianopic defect with macular sparing in both
visual fields. CT scan and neurological state not available due to 
premature discharge.
8.JM This patient received a right posterior parietal penetrating wound 
in September 1944 when 32 years old. Forty-eight hours later the wound 
was debrided, the missile track sucked to a depth of three centimetres 
and three indriven bone chips removed. Post-operative X-ray showed no 
remaining bone fragments except one in the scalp. Three days post- 
operatively he had one isolated left sided fit. Five weeks later the 
patient was complaining of lack of coordination on the left side of his 
body and occasional brief periods vhen his surroundings felt distant. On 
examination power was slightly reduced in the left arm and the left leg 
and there was slight postural loss in the left arm and both big toes. 
The right visual field was constricted and the left, slightly dis­
orientated. Subsequently, between February 1945 and 1960, he had attacks 
in vhich he felt tingling in his left arm spreading to the left leg 
followed by loss of consciousness for a few minutes. On neurological 
examination (1964) visual fields were full but there was a slight left 
hemiparesis and cortical sensory impairment in the left upper limb. 
Proprioception was slightly impaired in both feet and there was 
difficulty with visual localisation on the left.
Present condition: Visual fields full. Neurologically there was sensory
loss in left hand and left foot with extinction to touch. Fine movements 
poor and light touch and pin-prick slightly blunted in the left hand. CT 
Scan: A large low density area in the right upper parietal region ex­
tending to the vertex where there was a hole in the vault. Elsewhere 
there was evidence of marked involution with large ventricles and 
prcxninence of sulci. No metallic fragments seen.
9.JH In July 1941, at the age of 25 years, this patient was hit by a 
bullet in the right parietal region, associated with transient loss of 
consciousness and left hemiparesis. Dufing surgery the following day the 
bullet was found to have produced a tangential wound of the ^ull, 
perforating the dura. The wound was debrided. He subseqœntly developed 
meningitis and hernia cerebri ten days later. On readmission in August 
1942 neurological examination showed clumsiness on movement of the left 
hand, dulling to pin-prick over the whole of the left side of the body 
and marked loss of position sense and stereognosis in the left hand and 
foot. The findings were essentially the same at follow-up in August 1943 
and October 1944. Visual field studies carried out in January 1945 showed 
an incomplete inferior left quandrantanopia. On examination in F^ruary 
1949 there was still loss of sensation in the left hand and a definite 
inability to localise objects in the left visual field. The patient 
reported he had suffered from two types of epileptic attacks since 1942, 
the first beginning with jerking of the left side of the face (sometimes 
proceeding to a generalised convulsion with loss of consciousness) and 
the second type consisting of an uncomfortable sensation, a feeling of 
heat and visions of various scenes. On admission in 1969 neurological 
examination revealed a mild left hemiparesis with a hemisensory disturb­
ance particularly affecting proprioception and cortical sensation in the
left hand. He had a left inferior quadrantanopia and difficulty 
localising in the left upper quadrant. His major convulsions ceased in 
1959 but he still had occasional visual epileptic attacks. Fteychological 
tests showed an impairment in tactile spatial abilities but no deficit in 
analc^ous visual tasks. Language skills were unimpaired and scores on 
general ability tests were above average. Reassessed in 1980 no sig­
nificant changes were observed. At this time the patient reported that he 
was aware of a slight degree of topc^raphical disorientation and topo­
graphical manory loss (e.g. he might take the wrong turning in his own 
house).
Present condition: There was a left inferior quadrantancpia. Neurological 
examination showed slight weakness in the left limbs and extensive 
sensory loss: postural loss in the left fingers and toes, pin-prick
blunted on left, localisation very slow but accurate, atereognosis on 
left and no threshold to two point discrimination in the left fingers. CT 
scan revealed a large area of cerebral damage in the right parietal 
cortex with a small high density fragment lying in the brain in this 
region and moderate enlargement of the posterior horn in the right 
lateral ventricle.
10.SJ This patient received a severe bullet wound of the brain in July 
1944 at the age of 29 years when a missile entered the right parietal 
region, posteriorly near the sagittal line, and passed forward to the 
right frontal lobe where it still lies. At the time there was an 
immediate paralysis down the left side of the body, some visual disturb­
ance but no great alteration in consciousness. Surgery was carried out by 
the German army and subsequently by the French and American forces when 
the wound became infected. He was "all mixed up” mentally during this 
^riod which lasted approximately ten days. His hemiplegia gradually 
improved and he was able to walk by September 1944. He was not reasessed 
until 1968 when he reported that during the intervening years he had 
found difficulty in concentration and was very slow at calculating over a 
period of time. He had difficulty with the left hand, being unable to 
gauge its position accurately in space. He also reported difficulty with 
visual spatial tasks (e.g. spacing material badly when typing), finding 
his way around a new building and learning new material. On neurological 
examination there was a moderately severe left hemiparesis, hemi- 
anaesthesia, a right and left upper quadrant ic hemianopia and a 
concentration Impairment. Skull X-ray revealed a right high parietal 
defect close to the midline with a bullet lying in the right frontal 
region with some calcification or rusting around it. Psychological 
testing showed marked selective deficits in some visual spatial tasks 
notably constructional tasks, visual and tactual block design and tests 
of personal and spatial orientation. No impairment was found with 
language, in fact he was exceptionally efficient at verbal learning and 
memory tasks.
Present condition : Visual fields: right eye normal and a small area of
loss in the temporal half field of the left eye. Neurological 
examination: very little, if any, left sided weakness of limbs but very
marked sensory changes including no two point discrimination threshold in 
fingers, astereognosis, tactile inattention to grip in hand and foot and 
very defective localisation. CT scan showed a bullet lying in the right
frontal region with extensive damage in the right frontal lobe and 
extending posteriorly to involve the right motor and parietal cortex. The 
damage was particularly severe in the upper right parietal region.
11.HS This patient was injured by schrapnel in March 1943, at the age of 
20 years, receiving a penetrating wound with indriven bone fragments in 
the left parietal r^ion associated with loss of consciousness for a few 
minutes. He was operated on within the next two weeks (details not 
available). During July 1943 he complained of headaches and dizziness. X- 
ray, at this time, showed metallic fragments in the scalp with bone 
fragments around the defect. Neurological examination in May 1944 was 
normal. The patient reported occasional major epileptic attacks which had 
begun in December 1943, preceeded by an inability to speak, an unpleasant 
smell, headache and a peculiar feeling in the stomach. Repeat X-ray in 
1953 revealed opaque foreign bodies in the left posterior parietal r^ion 
and scalp, and a defect in the left parietal bone. At follow-up in 1965 
the patient reported headaches, occasional dizziness and difficulty in 
concentration. Neurological examination was again noimal. Psychological 
tesing showed a slight selective verbal deficit affecting vocabulary, 
spelling and arithmetic and a very slight impairment in drawing and 
construction. On admission in 1975 the pattern of performance was 
unchanged though in addition there were suggestions of a non-verbal 
m ^ r y  impairment and significant difficulty with reading, spelling and 
right/left orientation. The findings were similar in 1980.
Present condition: Full fields both eyes. Neurolc^ical examination showed 
no weakness, reflex change or sensory loss. CT scan showed two lai^e and 
other fragments of metal in the left upper parietal region associated 
with destruction of the cortex and slight dilatation of the left lateral 
ventricle posteriorly.
12.AS At the age of 26 years, in July 1944, this patient received a 
penetrating wound in the left temporal region with cerebral extrusion. 
When examined 24 hours later he was found to have a complété right 
homonymous hemianopia, marked dyslexia and nominal aphasia. X-ray showed 
an indriven fracture in the left posterior part of the squamous temporal 
with bone fragments indriven to a depth of nearly four centimetres and a 
m.f.b. indriven backwards and inwards to a depth of five centimetres. The 
injury appeared to be transventricular. Thirty-six hours after injury the 
wound was debrided, 5 c.c.s of pulped brain and twenty small bone chips 
were removed but the left occipital m.f.b. was left in situ. Post-oper­
ative X-ray revealed an operative bone defect at the site of injury, the 
m.f.b. remaining, but no evidence of residual bone fragments. He steadily 
improved and by October 1944 had only a right inferior quadrant defect 
and slight dyslexia. Oi admission in 1964 the field defect was still 
present. With psycho lexical testing the only selective impairment was a 
slight residual aphasia apparent in reading and writing. At this time the 
patient reported that since his injury he could not read so fast, was 
less accurate on simple mathematical problems and his short term memory 
was not so good. Neurological and psychological follo^^ups in 1969 and 
1975 reported no change with the exception that psychological testing in 
1975 showed evidence of a specific verbal memory deficit.
Present condition: Visual fields showed a right lower quadrantic defect.
On neurological examination there were no abnomal signs. CT scan 
revealed a large metallic fragment in the left occipital lobe associated 
with moderate dilatation of the ventricular system and particular 
dilatation of the left lateral ventricles posteriorly. The cortex 
appeared reasonably normal apart from the left temporal lobe where the 
missile entered the skull. This showed considerable distortion of the 
white matter and the Sylvian fissure.
13.CS This patient received a penetrating wound in the left parieto­
occipital area in July 1944, at the age of 28 years. Two days later the 
wound was excised and brain pulp sucked out. Bruising of adjacent 
occipital cortex was noted. The patient was subsequently drowsy and 
restless for five days with sensory aphasia and gross loss of position 
sense in the right arm. A cerebral absess was suspected and the old 
wound was therefore reopened. An intracerd^ral clot was removed (the 
findings being consisitent with thrombophlebitis) and a right occipital 
burr hole made without opening the dura. PDst-operative X-ray showed a 
small depressed fracture in the left anterior parietal region and frcm 
this a fissure ran forwards and downwards across the parietal bone to end 
in the anterior part of the parieto-temporal region. In October 1944 the 
patient was complaining of headaches, poor concentration and an inability 
to remember names. On neurolc^ical examination there was a right lower 
quadrant field defect and a right homoncmous hemianopic attention defect, 
but no motor or sensory loss. He showed some receptive and expressive 
dysphasia and impairment of spatial perception. It was also thought that 
his memory and learning capacity were impaired for a man vhose pre- 
traumatic intelligence was above average. A tantalum plate was inserted 
over the skull defect in November 1946 at which time his right hand was 
normal but he was undergoing speech therapy. In December 1947 he was 
readmitted due to the onset of fits. On examination visual fields were 
normal but there was slight weakness, slow postural change and impaired 
two point discrimination in the right hand. At follow-up in 1969 imtor 
and sensory systems were normal and visual fields full but there was a 
visual localisation difficulty on the right side. The findings were the 
same in 1979. Psychological testing was carried out in 1964, 1965 and
1979, the pattern of results being essentially the same on each occasion. 
General ability, memory and language skills were unimpaired tut he showed 
difficulty with constructional tasks and locomotor route finding.
Present condition: Full visual fields. On neurological examination there
was no weakness, reflex change or sensory loss. CT scan: no information 
obtained at level of plate but there was evidence of left parieto-occip- 
ital damage on the slice below.
14.WM In October 1944, at the age of 21 years, this patient was hit by 
mortar shrapnel and obtained a penetrating wound in the left parieto­
occipital region just to the left of the midline, associated with loss of 
consciousness for about five minutes. Preoperative X-ray showed a 
penetrating injury of the posterior part of the left parietal bone with 
bone fragments indriven to a depth of three centimetres. Thirty hours 
after injury the wound was excised, necrosed tissue sucked out and eight 
bone chips removed. Two small tracks were noted, one anteriorly passing
downwards, forwards and slightly medially for about three centimetres and 
the other passing downwards and backwards for two centimetres. 
Postoperative X-ray showed a defect at the site of injury but no 
remaining bone fragments. On neurological examination there was con­
striction of the right homonymous field, a minimal right facial weakness 
and reduced power in the right hand. He also had dysgraphia, slight 
dyslexia and right/left confusion. He steadily improved and at discharge 
in January 1945, neurologically, there was a total absence of signs of 
brain damage but psychiatric asessment showed a degree of intellectual 
loss and a fairly severe verbal memory impairment. Psychological follow- 
up in October 1949 reported residual dys graph ia and right/left dis­
orientation. The patient at this time complained of difficulty in 
finding words and explaining his opinions. Reassessed in 1964 he showed a 
mild residual dysjSiasic impairment and mild dyscalculia. On readmission 
in 1975 neurological examination was normal but psychological testing 
showed evidence of a pronounced verbal memory deficit, despite well 
preserved non-verbal memory skills, and difficulty identifying right and 
left. There was no clinical evidence of dysphasia. Tbis perfomance 
pattern was unchanged in 1980 when there was still a very marked verbal 
memory impairment.
Present condition: Full visual fields. Neurologically there were no focal 
signs. CT scan showed left parietal damage close to the convexity.
15.TC This patient received a penetrating wound to the left parietal 
area in August 1944. The wound was debrided two days later; brain pulp 
and about twenty bone chips were removed. Post-operatively he had a right 
homonymous hemianopia, right hemiparesis and dysphasia. Within two weeks 
his speech had improved, he could read and write slowly and his hemipar­
esis was recovering. He complained of focal fits involving twitching of 
the right leg or right hand without loss of consciousness. Psychological 
testing nine months later showed him to be retarded on all tests with 
poor memory and learning capacity, dyscalculia and much imparied visual 
imagery. At follow-up in 1964 he obtained average scores in intelligence 
tests but showed slight generalised intellectual impairment and ex­
pressive dysfbasia. He also had difficulty with tests of arithmetic and 
construction.
Present condition: Visual field full on left but the right showed slight
constriction of all isoptres. On neurological examination his motor 
ability was probably normal but there were considerable sensory changes 
with tactile extinction of the right foot.
16.GA At the age if 19 years, in 1944, this patient was hit by mortar 
fragments and received a left occipital penetrating injury. The wound 
was excised two days later with removal of three small metallic foreign 
bodies. The dura was intact and there was no evidence of brain damage. On 
examination six weeks later he had a right peripheral hemianopia and a 
tiny right paracentral scotoma in the left eye but no other C.N.S. signs. 
At follow-up in 1964 his visual fields were full and motor and sensory 
testing was normal. Detailed psychological examination showed no 
generalised or selective impairment.
Present condition: Fields full. Right ankle jerk increased compared to
left but otherwise no abnonnal signs. CT scan showed evidence of a gun 
shot wound in the left occipital region with severe atrophy of the left 
cerebellum and a remaining collection of fragments in the same region.
17.GN At the age of 31 years, in January 1945, this patient received a 
tangential right parieto-temporal injury with indriven bone fragments and 
protruding brain tissue, ffe was aware of loss of power and sensation in 
the left arm. At operation twenty one hours later the wound was excised 
with removal of numerous bone fragments and the brain tract sucked 
clean. Two weeks later he was found to have a left hemiparesis with left 
hemisensory loss but no facial weakness, visual ^mptans or speech 
difficulty. However, some dysphasic elements were detected during psycho­
logical examination two years later and motor aphasia was noted between 
1946 and 1967. He made a gradual recovery and in September 1946 underwent 
a tantalum plate repair. At follow-up in 1968 he still had a mederately 
severe left hemiparesis with a spastic left arm. Fteychological testing 
revealed slight residual dysphasic symptoms with hesitant reading, 
spelling errors and word finding difficulty, raising the possibility of 
bilateral speech representation.
Present condition: Full visual fields. Neurological examination showed a
left hemiparesis with severe sensory loss and tactile inattention.
18.TR At the age of 23 years, in April 1945, this patient was hit by 
penetrating shell fragments in the left parieto-temporal region, with 
loss of brain tissue. The wound was excised 16 hours after injury 
revealing a torn dura. Depressed bone fragments and lacerated brain were 
ranoved. Fbst-op)eratively his speech was slow and slurred and there was 
slight weakness of the right side of his face. Nine months after injury 
he received a tantalum repair (which was later removed in 1955). At this 
time it was noted that he had mild motor and sensory dysfunction 
involving the right arm and leg, and a very slight residual speech 
defect. At follow-up in 1968 he had a right inferior quadrant ic hemi­
anopia but no right sided weakness or sensory loss. Psychological testing 
showed no gross impairment but scxne suggestion of a visual perceptual 
deficit. In 1979 the findings remained he same except for an added 
difficulty with verbal memory.
Present condition: Visual fields showed a right homoncmous inferior
quadrantanopia. Neurologically, there were no abnormal signs. CT scan 
revealed a bone defect in the left parieto-temporal region and extensive 
destruction and gliosis of the parietal region with dilatation of the 
left lateral ventricle mainly posteriorly.
19.AM This patient received a penetrating injury to the left occipital 
region in April 1945 at the age of 19 years. Four days later the wound 
was excised revealing lacerated brain tissue and a torn dura. Pulped 
brain, blood clots and numerous bone fragments were removed. One week 
post-operatively he had a right homoncmous l^mianqpia and slight weakness 
of the right arm. Neurological follow-up in 1968 revealed only the right 
homnomous defect ; motor and sensory systems were normal. Psychological 
testing at this time indicated a residual verbal impairment but no firm
e v id e n c e  o f  a  v i s u a l  s p a t i a l  d e f e c t .
Present condition: A complete right hemianopia. No abnormal signs in the 
limbs.
20.EW At the age of 24 years, in October 1944, this patient was wounded 
by mortar bomb fragments in the left parieto-temporal region. Two days 
later the wound was excised involving a burr hole and removal of de­
pressed bone, a large subdural ha^atoma and an intacerebral clot. 
Immediately post-operatively he had a slight left hemiparesis (suggesting 
that the penetrating missile could have crossed the mid line) and a marked 
nominal aphasia but both these findings had resolved one week later. At 
neurological follow-up in 1967 there was no evidence of any paresis but 
psychological assessment showed indications of a verbal manory impairment 
and a slight residual dysphasia. In contrast, scores on non-verbal tasks 
were average. Psychological follow-up in 1980 showed similar difficulties 
with verbal material.
Present condition: Full visual fields. Neurological examination revealed
no abnormality. CT scan showed left temporo-parietal damage with a vault 
defect due to an old gunshot wound.
21.RG In January, 1945, at the age of 24 years, this patient was wounded 
in the right anterior temporal region. Operation, 32 hours later,
revealed a large area of ragged, lacerated brain, passing down to the
base just in front of the ear. Many bone fragment were removed. Upon
regaining consciousness he had a right sided facial weakness, deafness in 
the right ear, a left homonymous hemianopia and sensory blunting of the 
left side. He developed occasional epileptic attacks without particular 
preceding auras; these ceased in 1948. At neurological follow-up in 1967 
his redidual defects consisted of a slight right 7th nerve palsy,
bilateral deafness, mild left sided sensory loss and an incomplete left 
hemianopia. Psychological examination revealed a fairly marked deficit in 
certain visual spatial tasks and the possibility of a mild impairment in 
language. Both neurological and psychological findings were similar in
1970. In 1980 he still had some difficulty with visual perceptual tasks 
that could not be ascribed entirely to the visual field defect.
Present condition: Visual fields showed a left hcmoncmous upper quad­
rantanopia. On neurological examination there was slight blunting to pin 
prick in the left foot and absent vibration sense in both legs below the 
knees. CT scan revealed a right parietal defect due to gunshot injury. 
There was a large irregular gliosis in the right parietal temporal and 
occipital region.
22.JT At the age of 21 years, in November 1944, this patient received a 
penetrating wound in the right parieto-occipital region causing 
considerable protrusion of brain tissue. At operation 24 hours later the 
bone defect was enlarged (10 by 5 cms) and bone fragments and brain 
debris removed. Two weeks post-operatively he was mentally "much 
retarded" with poor concentration. (Psychological assessment regarded him 
as having been of low pre-traumatic intelligence). He had a complete left
homonomous hemianopia but no motor or sensory signs, X ray showed two 
remaining indriven bone chips approximately 3 cms from the surface. His 
skull defect was plated in 1951. Neurolc^ical follow-up in 1967 revealed 
a left homonomous hemianopia but no evidence of aphasia or sensori-motor 
deficit. Psychological examination showed no indication of generalised 
intellectual loss or selective deficits (but detailed testing was not 
attempted in view of the gross visual handicap and modest intellectual 
endowment.)
Present condition: Both eyes showed a left homoncmous hemianopia with, in 
addition, the left having a right inferior quadrantanopia and the right 
eye showing a partial right lower quadrantanopia. Neurologically there 
were no focal signs in the limbs. CT scan revealed evidence of cerdDral 
damage in the right parieto-occipital region and minor changes in the 
left occipital cortex.
23.RT At the age of 24 years, in July 1944, this patient received a 
bullet wound to the right occipital region. Operation, 24 hours later, 
revealed a tiny entrance wound with the bullet lying beneath it, 
extending forwards to the right. The skull was fractured causing a bony 
defect 6 X 4 cms. On excision the dura was found to be torn with
extruding blood clot and brain pulp. The bullet and several bone chips
were removed. Neurological examination five days after injury revealed a 
left hcxmonymous hemianopia but no motor or sensory deficits. At follow-up 
in 1964 the patient remained unchanged neurologically. Skull X-ray showed 
a right parieto-occipital defect. On psychological testing there was
difficulty in tasks involving visuospatial skills but there was no
impairment in verbal or memory functions. Repeat neurological follow-ups 
in 1965 and 1980 found his condition unchanged.
Present condition: Visual fields showed a left homonomous hemiancpia.
Neurologically, there were no abnormal signs. CT scan revealed extensive 
destruction in the right occipital region without metal fragments. The 
ventricular system was virtually normal apart from some dilatation of the 
right occipital horn.
24.LH In April 1944, at the age of 30 years, this patient was wounded in 
Burma by mortar shell fragments causing a penetrating injury to the right 
occipital region. (He was operated on within days but details are not 
available). After evacuation to the U.K. in December '44 he was found to 
have a general constriction of the visual fields with a left homonomous 
hemianopia. There was no weakness, ataxia or sensory deficit. Skull X-ray 
showed an operative defect 3 cms in diameter in the right parieto­
occipital region. Tachistoscopy, performed in 1951, reported that the 
field loss indicated complete damage to the right occipital cortex and 
damage also to the left occipital cortex anteriorly. Neurological follow- 
up in 1967 showed a left homonomous hemianopia and a right lower 
quadrantanopia but sensory and motor testing was essentially normal. The 
patient reported having occasional disturbances of vision associated with 
headache but no blackouts or convulsions. On psychological testing he had 
a low score in immediate and delayed recall but this was thought to be 
due to his severe deafness. He had marked difficulty in visual perception 
tasks but there was no impairment in personal or spatial orientation.
Present condition: Visual fields showed a left hamonanous hemianqpia.
Neurologically there were no abnormal signs except deafness in the right 
ear. CT scan revealed extensive damage in the right parietal and temporal 
regions extending into the occipital cortex.
